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“STANDARD 


VANGUARD’ 


GEAR BOX 


ALL-BRITISH 
BALL & ROLLER 
BEARINGS 


FISCHER BEARINGS CO. LTD., 
WOLVERHAMPTON 
Manufacturers of FBC and FAG bearings. 
Subsidiary of British Timken Ltd. 
Works : Birmingham, and Duston 
Northampton. 





it solves every factory 
lighting problem 





it is ideal for 


SO UP-TO-DATE 


modern industry 


Efficient Osram fluorescent lighting such as this plays a 
most important part in improving working conditions 
and raising output. Osram fluorescent lamps and G.E.C. 
fittings are available for all industries. 

G.E.C. illuminating engineers will gladly check your 
existing lighting. Expert advice is freely available for 
new installations. 


If you already have fluorescent lighting, your old lamps 
may not be giving full value for current consumed. 


Replace them with OSRAM fluorescent lamps. 


FLUORESCENT LIGHTING with £4.C fittings 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 


THE AUTOMOBILE ENGINEER, January 1952 





<i COLLET & ENGELHARD 
HORIZONTAL BORING & MILLING MACHINES 


TRAVELLING COLUMN [Floor type) 


Machines with the boring head mounted on an upright 
which travels on a bed at right angles to the spindle axis, 
are available with spindle sizes from 100 mm. to 300 mm. 
dia. Tungsten carbide tooling can be employed to advan- 
tage on these machines, and a wide range of speeds and 
feeds is available. 

This machine can be used for normal work on stationary 
workpieces, or with special fixed, sliding, revolving or 


swivelling tables, and special supporting standards 


PETES SESS & os os 











OTHER FLOOR TYPES AVAILABLE 
Portable, with short bed. 

With revolving upright. 

With swivelling headstock. 


With revolving upright and  swivelling 
headstock. 


With revolving table travelling in the 
direction of spindle axis. Supporting 
standard adjustable in longitudinal and cross 
directions, 


Stationary Column Type 


STATIONARY COLUMN TYPE (85 mm. Spindle) 


Machines with the boring head mounted on a fixed upright 
are made in a range with spindle sizes from 69 mm. to 
150 mm. dia. The table has longitudinal and cross travel, 
it can be rotated through 360 and indexed at 90 intervals. 
The supporting standard is adjustable in the direction of 
the spindle axis. Rigid construction ensures extreme 
accuracy and full advantage can be taken of tungsten 
carbide tooling. Speed and feed ranges cover'an exception- 
ally wide field of applications, and single handwheel 
operation is applied to spindle speeds, all feeds, and all 
motions of the spindle and face-plate. 

By employing the facing head (available as extra equipment) 
simultaneous boring and facing by face-plate and working 
spindle (each running separately) can be performed. The 
facing head slide can also be operated by hand during the 
boring operation with independent direction of feed 


4 | ‘ik 4 Y . 1 y rr ’ y ’ 
WICKMAN of COVENTRI 
LONDON + BRISTOL + BIRMINGHAM + MANCHESTER 
LEEDS + GCLASGOW . NEWCASTLE BFLPAST 





172 F 34 
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This latest addition to the Silentbloc 
range has been designed to provide an 
engine mounting with a better perform- 


ance at a lower price than any compar- 
ative type. 

Ot high load-carrying capacity and 
exceptional flexibility, the Frustacon has 
a range of deflection rates as wide as the 
engine designer could desire. The 
unusually large volume of rubber per- 
mitted by the Frustacon construction 
works in shear and compression. 
Compression pad (top) and rebound 
feature (bottom) are moulded in one 
piece. 


The mounting is low in height, compact, 


easy to fit and readily accommodated in 
engine layouts. 


LTD 


VICTORIA GARDENS, LADBROKE ROAD, LONDON, W.II. TEL. PARK 982! 
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AUTOMATIC HIGH-SPEED 


a SEAR SHAPING. MACHINES 





























These machines shape by the generating process 

with a pinion type cutter for spur and helical gears. 

The Lorenz method is ideal for the production of 

precise internal and external gearing, sprockets, 

ratchets and other profiles. 

Mp During the cutting stroke the tool is moved up 

and down and rotated so that the tool and work 
execute the movement of two meshing 
gears. This method ensures maximum 
accuracy and smooth flanks of the work. 
The tool is re-sharpened by simply grinding 
the tooth face. 
Special attachments are available for genera- 
ting helical gears, gear trains, face gears, 
rack gears, shaping between centres, etc. 
Lorenz gear shapers are made in five sizes 
as shown below. 




















| AUTOMATIC GEAR SHAPERS 
| move |soo [sv oo] ss |s7 500 |$7 1000 | 


| Pitch diam 7° : -1 s937 | at 











| Face width 2 t ‘ Si” | 6.5/16 











I 
| Diam. pitch 6/6 3.67 36/7 


| dul 
} Module : L 


AUTOMATIC GEAR HOBBERS 


High production machines of extreme 
accuracy for the manufacture of spur, 
helical, worm wheels, and special gearings 
are made for work of pitch diameters from 
234” to 63” and diam. pitch/module 4.23/6 
to 1.59/16. 




















Model SV00 


WICKMAN of COVENTRY 


LONDON : BRISTOL . BIRMINGHAM , MANCHESTER 
LEEDS . GLASGOW . NEWCASTLE ° BELFAST 
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Air conditioning for car body spraying at Messrs. Fisher & Ludiow Lid., Erdingion 


Does air conditioning affect output? 


IN VERY MANY TRADES it does. Where consistent quality depends 
on constant temperature and humidity, air conditioning is the only 
way to ensure a low rejection rate. In others, where fumes or dust 
can mar the work, conditioned! air is sometimes essential, and 
often desirable. Modern air conditioning plant provides predeter- 
mined air conditions in large or small spaces and is fully automatic. 
It is one more example of electricity used efficiently to maintain the 


level of production. 


WHERE TO GET MORE INFORMATION 

Your Electricity Board will be glad to help you to get 
the utmost value from the available power supply. They 
can advise you on ways to increase production by 
using Electricity to greater advantage — on methods 
which may save time and money, materials and coal, 
and help to reduce load shedding. Ask your Electricity 
Board for advice : it is at your disposal at any time. 


Electricity fc OV t RODUCT V TY Issued by the British Electrical Development Association 
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REAMERS 


Our specialist plant is at your service for the 
production of “REAMERS OF ALL TYPES’’ made 
from the F.B.T. “Speedicut’’ range 
of high speed steels, with “Speedicut 
SATIS’ for the exacting demands of high 
tensile and work-hardening materials. 


Extensive stocks of all 
standard types are available. 
Your special requirements for 


all purposes can readily be met. 








TWIST DRILLS—REAMERS 
TAPS 


MILLING CUTTERS 

LATHE TOOLS—CHASER DIES 

“ MITIA ’? CARBIDE CUTTING 
TOOLS 

“ MITIA ’’ CARBIDE SAWS 


SEGMENTAL SAWS 
SAWS. FOR ALL PURPOSES 


FILES AND RASPS—HACKSAWS 


“HHARDOMETER’’ HARDNESS TESTING MACHINE 
TWIST DRILL POINT SHARPENING MACHINE 
“CRYPTO ATLAS’? BANDSAWING MACHINE 
“MITIA” CARBIDE SAW SHARPENING MACHINE 


3 / ¥ 








AND ALL OTHER TYPES OF ENGINEERS’ CUTTING TOOLS a 











HOWN OQOLS LTD. 
SHEFFIELD 
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... revolves on the fl) Crankshaft 


ENCOURAGING NEWS! 
Laystai! Crankshafts—famous for 
pearly half a century—while being 
made in ever increasing 
numbers are still far short 

of the world demand. 
Our new factory is 
working to capacity, 
but we hope, in the 
near future, to increase 
our output of the 
smaller marine and 


outboard types. 


Enquiries are invited. 


* Internal Combustion 


LAYSTALL ENGINEERING COMPANY LIMITED 


Head Office: 53, Great Suffolk Street, London, S.E.1. Telephone: WATerloo 6141 


Crankshaft Works: Green Lane, Aldersley, Wolverhampton. Telephone: Wolverhampton 52006. 


stl Landtedl Laystall  Laystall  Laystad 
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On the Triumph Mayflower the Standard Motor Co. Ltd. Se ae ee a ee 
Attachment Bracket; Door ee 
Drain Trough; Instrument Pla 
Radiator Toggle & Clamp; Finn 
ae: silane F etme me i aie Oe ating Lever; Handbrake Bracket; 
have saved labour and material costs by using 168 Spire Dash Tray’ Millboards; Loud 
speaker Attachment; Fascia Tray 
Cover; Steering Column Bracing 
Tube Bracket; Heater Blower 
= > . . Bracket: Trafficator Attachment; 
Speed Nuts per car. Spire is the name. Speed is the reason. Bonnet Support Bracket; Driving 
Mirror; Sun Visors; Drain Channel 
Door Vent; Door Fittings; 
Rear Quarter Fittings Rear 
Bumper me stg ance; Accelerator 
Pedal Bré 


Spire Speed Nuts make faster, easier assembly — and that 


42 SNJ Spire Speed Nuts are used 
7 r ss ‘s a » secure Radiator Shell; Steering 
means saving. But not saving at the expense of performance. Column Sealing Plate; Steering 
& & Column Blanking Rubber; Heater 
Blower Attachment Plate; Heater 
Blanking Piece; Bumper V alances 
Heater Duct; Dash Cover Plate. 


Far from it. These self-locking fasteners are functionally 
5 SNP Spire Speed Nuts are used 
to secure Radio Loudspeaker 
Board; Speedo Trip (Slave). 





better than the old methods they replace. Each fastener 
7 SFP Spire Speed Nuts are used 
to secure Mayflower Badges; Door 
. . Armrests Accelerator Peda 
saves 50.75°,, on weight of materials used. Bracket (to Dash) 


om. 


\ SPEED NUTS fastest things in fastenings 


SIMMONDS AEROCESSORIES LTD., Byron House, 7-8-9 St. James’s Street, London, S.W.1 
Head Office & Works: Treforest, Glamorgan. Also Birmingham, Stockholm & Melbourne 


CRC 255 
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CARRY ON BERRY 


A Transport Slogan which held good in 1852 


and still holds good in 1952 


RICHARD BERRY & SON Vehicle Suspension Specialists MAFEKING ROAD - SMETHWICK - STAFFS 


4 


BROCKHOLSI 


COMPANY 
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MORRIS MINOR 




















PARTICLES WANTED... © 


WE WILL COLLECT. Too small to be seen, too small to 
be stopped by ineffective filters, but nevertheless able to 
carry Out vicious attacks on vital points. 


It was to beat these enemies of durability that we 


developed the special plastic impregnated paper filters and 


as a result, they really do possess .... 


REGO. TRACE MARK 


Oi FILTER 











Ria. ri 
BR fA 


Wharf at Margam Works showing 
Ore Unloaders 


HE ORE UNLOADERS illustrated here can handle 

500 tons of ore per hour. They are an important 
part of the new equipment which makes The Steel 
Company of Wales the most up-to-date plant of 
its kind. 


* EXPORT SALES 
ORGANISATION 
FOR MILD STEEL 
FLAT ROLLED 
PRODUCTS OF THE COMPANY ARE :— PRODUCTS . . 


Hot Rolled and Cold Reduced Sheets and Coils up to 72” 
sheared width in qualities for auto-bodies, vitreous enamelling, 
extra deep drawing, etc. - Galvanized Flat and Corrugated 
Sheets - Electrical Sheets for Dynamos and Transformers - 
Blackplate - Hot and Cold Reduced Tinplate both hot dipped 

and electrolytically tinned - Plates {” thick and upwards by ee ene 
up to 72” wide - Flange, Bullhead and Bridge Rails - LONDON, W.!. 
Fishplates - Steel Railway Sleepers - Sections - Slabs - Basic 

Pig Iron - Coke and By-Products - Sized Limestone. 


RTSC EXPORTS 


LIMITED 


THE STEEL COMPANY OF WALES LIMITED 
ABBEY WORKS -: PORT TALBOT 
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COVENTRY DIES IN STOCK 


E have a large carefully selected stock of Coventry Dies, comprising 


all sizes and types in general use. Orders for these will be executed 


immediately. 


Other dies can be delivered in 6 weeks from receipt of order. 





Coventry double-tempered dies are made in ten types to suit the different 


materials now in use, including the alloy steels that are difficult to cut. 
We guarantee to supply dies which will cut clean, accurate threads on 


any material that can be threaded. 


PLEASE SEND ENQUIRIES TO THREADING DEPT. 
TELEPHONE 88781. EXTENSION 210. 


ALFRED HERBERT LTD COVENTRY 
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TYPE D 
MACHINE 


CRI-DAN 
HIGH-SPEED THREADING MACHINES 


These machines, which are semi-automatic, will cut external, internal, right- or left-hand, 
parallel, taper, single- or multi-start threads of various forms and pitches in all materials, 
quickly, cheaply and accurately. 

Setting up is simple; design facilitates the full use of single-point Ardoloy or other tungsten- 
carbide tipped tools. 

Precision threads can be cut in a fraction of the time taken on thread milling machines or 
centre lathes. 

Two sizes for cutting threads up to 4in. and 12in. diameter. 


Type B. *Type D. 
Maximum threading diameter, external 4” 12” 
_ internal 6” approx. 16” 


(short pieces only) 
Normal threading length 53" 
Length between centres i 5 
Maximum number of starts 12 12 
Maximum swing over bed 13” 7 2 
Motor 5 h.p. 14 h.p. 


” ” ” 


*EARLY DELIVERY 


Full details from Factored Division, Red Lane Works. Phone: 89221 (10 lines) 


SOLE AGENTS UNITED KINGDOM AND EIRE: 


ALFRED HERBERT LTD COVENTRY 
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Telephone 


AND STUDS cst 


Drill a hole with a standard drill and 
drive in a Grooved Pin — no reamering 


Mills Grooved Pins and Studs have proved themselves in 
many branches of the engineering and allied trades. 
Vibration proof when driven into a plain parallel hole, 
they require no reamering, tapping,.or threading. 
Perfectly efficient and economical in use. 
Made in steel, stainless steel, brass, copper, or 
with plated finish, in many sizes to suit all 
requirements. 


PLEASE ASK FOR OUR 
GROOVED PINS AND STUDS CATALOGUE 


> de) te) eV ee ee 


BREDBURY STEEL WORKS AND ROLLING MILLS 
WOODLEY =~ NEAR STOCKPORT - ENGLAND 


Telegrams: “MILLS” PHONE WOODLEY 


WOODLEY 2231 (10 lines) 
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1 CAST 


2 TO LAST 


For longer life 
and greater efficiency 


There are ‘‘material’’ reasons why HAGCO 
‘Silmocrom’’ and ‘‘Austenitic’’ Cylinder Liners : 
are ‘‘miles better’’. During the casting on the : 


; das 2 : 
special HAGCO Spun-casting machine, the whole Cylinder 


assembly spins at high speed. Centrifugal force holds y 
LINERS 


the molten iron to the mould, whilst the impurities, 


being lighter in weight than the iron, are forced rr 
to float on the inner surface of the metal and are Stellited Valve 


flushed away before the casting solidifies. The result B 5 
is that HAGCO Cylinder Liners are true right through Seatings- 


—and ensure longer and more efficient cylinder life. 


HAROLD ANDREWS GRINDING CO., LTD., BRISTOL ROAD, BOURNBROOK, BIRMINGHAM, 29 
Telephone : SELly Oak 1128-9-0.. and at MANOR WORKS, MANOR LANE, HALESOWEN Telephone : HALesowen 1181-2 
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MOLYBDENUM HIGH SPEED STEELS 
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APPLICATIONS 
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— WILL WIN ON MERIT 


Despite the present difficult situation, make no 
mistake, Molybdenum High Speed Steels with their 
superior performance will eventually come out on 
top. 
Some of the reasons why are given in this 30 page 
Technical Booklet, which deals with compositions, 
applications, performance and treatment. 
Write now fora copy. It is available free on request 
to tool manufacturers and users. 
Pee ee 
Please send your FREE Booklet 


‘MOLYBDENUM HIGH SPEED STEELS’ 


Climax Molybdenum Company 
of. Europe Ltd, 


BLOCK LETTERS PLEASE 


Technical enquiries for this book, preferably with full details POGIIGD os. esses ss sccascvensicessesecesns . 


of the projected application of Molybdenum steel, should 
be addressed to: 
99 Pinstone St. Sheffield, I. 
(Registered Office : 2-3 Crosby Square, London E.C.3.) 


Company 


| 
| 
| 
| 
| 
| 
! 
| 
| 
| Address 


ee ee 
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(Ny 2a Pets 


REGO TRADE MARK 


“Gaco” is ideal for hydraulic sealing. It is grainless, 
resilient, non-porous, highly resistant to Oils, Fuels 
and Solvents, and has excellent wearing properties. 
“Gaco” mouldings are produced in a great variety of 
shapes and hardnesses and are well-known for their 
superior surface finish and dimensional accuracy. 


We shall be pleased to give you the benefit of 
our wide experience in the solution of your fluid 
sealing problems. 
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ANGUS OIL SEALS 


Fluid Sealing Engineers. 


x 


GEORGE ANGUS & Co [> 
OIL SEAL WORKS, 
NEWCASTLE UPON TYNE, 6. 


*Phone: 56161. Grams: ““GACO” Newcastle 











FOR LONG MILEAGES 


The ‘“ DON-FLEX ” unique con- 
struction of fabric facings attached by 
cork rivets to a spring stecl centre 
gives a continuous friction face free 
from rivet recesses and therefore with 
freedom from scoring and grooving 


of the mating metal surfaces. 


spectty — 


DON-FLEX 


Patent non-scoring tlesible Cc L u T Cc ey D f S C 


SMALL & PARKES LIMITED MANCHESTER 9 
LONDON: 18, HIGH ST., WIMBLEDON, S.W.19. 


MAKERS OF DON 8RAKE LININGS 


FX5S1 
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THE BETTER THE CASTINGS 
THE BETTER THE} VEHICLE 


The Castings made in our 
Foundries for Leyland 
Motors Ltd. will hold their 
own against the punishing 
demands of modern heavy 
transport. Their quality 
contributes much towards 
Leyland dependability. 
Supplied in high duty iron 
and in aluminium alloys by, 
the sand = and gravity a 
die processes. * 














[ 
WEST YORKSHIRE FOUNDRIESLTD 


SAYNER LANE - LEEDS 10° Tel: 29466-7-8 




















Research... 
Development... 
Craftsmanship... 


C.A.V. Fuel Injection Equipment is 


backed by intensive work in some of the 
finest laboratories in the country, 
comprising physical, metallurgical, X-ray 
and fuel injection development divisions, 
engine dynamometer test beds, humidity 
and low temperature test rooms as well 


as sections devoted to basic research. 


In the production of the elements of 
C.A.V. Fuel Injection Pumps, the 
workmanship represents what is probably 
the highest standard attained in any 
branch of precision engineering. Clearance 
between a pump barrel and its plunger is 
approximately 1 micron (0.00004 in.), 
whilst the surface of plungers is finished by 
hand lapping to within 1.5 micro-inches 


(1 micro-inch is one millionth of an inch). 


Q 174-441 
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. B.W.P. have a ‘fitting’ 


aa Lass 
— \~ \ 


* A few examples of the many 
TORCS. 


ALL ENQUIRIES TO 


BRITISH WIRE PRODUCTS LTD., 


; 
i 
m 
3 
| 


wide range of automobiles and aircraft . 


answer to your control problems. 


STOURPORT-ON-SEVERN, W 











VALETTA ROAD | ACTON - LONDON - W.3 Telephone: SHEPHERDS BUSH 3443 (4 lines) 
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iMVE GOT AMAZING SELF-CONTROLIE says Mr. Therm 


When you call in Mr. Therm to solve your fuel problems, 
you get more than just a very willing worker. You get one 
that is capable of self-adjustment and rigid control of fuel 
consumption. You can cheerfully set the controls and leave 


gas-heated equipment to get on with the job by itself, for S 
Mr. Therm on a bicycle 


as long as you like. There are other advantages too, of 
made for millions 


course: cleanliness, flexibility, rapid heating from cold and 
Gas, in its variety and ease of control, is a great help to B.S.A. 


high efficiency. That is why Mr. Therm and his eo Cycles Ltd., of Birmingham. Gas equipment takes care of car- 
burising, hardening and tempering; brazing of the joints on 
frames and handlebars; enamelling. And gas does a good job, 


too, in the making and finishing of many bicycle accessories. 


ment are valued members of almost every industry’s pro- 





ductive staff. 


MR. THERM BURNS TO SERVE yOu THE GAS COUNCIL - | GROSVENOR PLACE - LONDON - SWE 
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phone: /4| 4 lines 

















Ensuring 


2 Stability 
<2 and Reliability 










































































DU HNIC A AL i DEAK 
THE HOFFMANN MANUFACTURING 
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BALL AND ROLLER 


BEARINGS 


fitted to this Foden 5-speed gear box 
are all from our standard ranges. 
Designed to withstand continuous and 
arduous duty they are the acme of 
good gear box bearing performance. 


: DU i X 
LTD:, CHELMSFORD, Esser 

































Don’t take 
unnecessary 
risks... 





{ roe 

, wy 

| at: ee » 

igs §2. 4 ONLY a boor would upset a bear, but 
dj 


& SW, - 
a> oad at some time or other the smartest 
of trappers is apt to get trapped. From farthest 
North to farthest South, in ice-bound pools and fog- 
bound factories, someone or other somewhere or other 
is going to take that one false step—that one 


unnecessary risk — that spells Trouble with a capital T. 


And if ever he finds his way out of the wood, he’ll take 


Est. 1760 





Oo. 





& 





SALTER Cc 





INSIST ON QUALITY 
Buy SALTER of course 























cold comfort from the fact that he’s only got himself to 


> 


blame, and he’ll be wondering: Was it worth it... ?’ 


WARNING TO MANUFACTURERS : You take unnecessary 
risks whenever you buy ‘cheap’ springs of uncertain quality; 
low initial outlay will never balance the ultimate harm they 
may do to your product, your prestige and your purse. When 
you specify “Springs by Salter’’ you're certain of getting top- 
flight quality —quality that cuts out risk and guarantees years 
of highly-efficient, dependable service. Only the best — of 
materials and workmanship — is good enough for SALTER. 






5 


BROMWICH 











WEST 
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Making the better oils of today and tomorrow... 


T Stanlow, Cheshire, and at other great Shell Refineries, thousands 
of tons of oil are handled daily. At these plants, the crude oil is 
subjected to many exacting processes so as to produce the highly refined 





oils needed for your vehicles. t 1 
Adjacent to Stanlow, working closely with the Refinery, is the Shell ®) 
Research Centre at Thornton. Here scientists are always experimenting. | : 
New oils are constantly produced and tested—some for engines not 
yet made. Leadership in Lubrication is leading to the even better 
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Shell Oils of tomorrow. 
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LEADERSHIP IN LUBRICATION 
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“‘Newallastic’’ bolts and studs have qualities which are absolutely unique. 
They have been tested by every known device, and have been proved to 
be stronger and more resistant to fatigue than bolts or studs made by 


the usual method. 
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AT THE FERODO WORKS 





The “ Chemical Investigation Department” is a sub-section of the 
Technical Division. It is here that ‘examination’, * screening’ and 
‘ investigation ° ensure the * credentials’ of all products that go into 
the manufacture of Ferodo friction materials. It is in the Test 
House that the fundamental nature of friction—as yet only par- 
tially explained—is being ceaselessly investigated in the interests of 
power transmission and energy dissipation. It is here too, that 
samples of every batch of output are subjected to drastic endurance 
and efficiency tests. But it is on the M.I.R.A. track (of which 
Ferodo Limited are one of the largest users) that the final and 
practical proving of the finished product takes place. 





British and Overseas Automobile Engineers and 
Designers are freely and cordially invited to make 
full use of the Test House facilities so that at first 
hand the problems associated with ever increasing 
h.p. and speed can be considered, discussed and 
solved. 


BRAKE & CLUTCH LININGS 





FERODO LIMITED, CHAPEL-EN-LE-FRITH 
14 Member of the Turner & Newall Crganisation 
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Tecalemeters 


FOR HIGH PRECISION METERING OF LIQUIDS 





% by the positive displacement principle 


Tecalemeters are being used by leading Automobile 
Engineers engaged on the production of jet engines 
for Aircraft and are employed for measuring fuel 


consumption 


Tecalemit engineers will be glad to co-operate with 
Automobile Engineers and Designers in the _ instal- 
lation of Tecalemeters for the above and _ other 


purposes. 


——— << 
ECALEMIr 


Metering Division 
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Making the | 


STANDARD 
Vangue vd 







1. CRANKSHAFTS. 3. CYLINDER BLOCKS. 
Drilling, counterboring and tapping four gin. by 24 T.P.I. Special duplex angular milling machine simultaneously 
holes in flange, drilling and reaming two 0.3748 52 in. dowel milling the distributor and pump faces. 


holes, + in. deep and continuing through flange at + in. dia. 


2. CYLINDER BLOCK. 


Two components loaded in tandem, ‘through’ loading. First 4. CYLINDER BLOCKS. 


and third bores for cylinder liners at one position, and second Special three-way machine tapping the head joint face and 
and fourth bores for cylinder liners at the second position, the two end faces of cylinder blocks. Each spindle has 
rough bored and faced at one pass of machine head. individual lead screw control. 

Ce a 


for\high production in the automobile industry 


ae 


—— 


JAMES ARCHDALE & CO. LTD., LEDSAM STREET, BIRMINGHAM, ENGLAND 


SOLE SELLING AGENTS: ALFRED HERBERT LTD., COVENTRY & BRANCHES 
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PRECISION 





Diatipt Chisel Truers are precision ground under 
optical control. The diagram shows the operator’s 


view through the microscope. 





(DIAMOND TOOLS) LTD 


VAN MOPPES & SONS | 





BASINGSTOKE - HAMPSHIRE - TELEPHONE: BASINGSTOKE 1240 
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DNL ab PETROL 


REGISTERED 
Foreign and Colonial Enquiries to 


OAKENCLOUGH, GARSTANG wr. PRESTON 


Distributors of material in bulk tor Gt Britain 


171. QUEEN VICTORIA ST. EC4 
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“SILVER FOX 


sts 
=3 


Kegistered Irave Marks 


STAINLESS 
STEEL 


.. . the metal of the age 


Motor vehicle components and fittings made 
of Stainless Steel cause no anxiety to the owner— 
the surface can never wear or peel off; the metal is 
stainless right through. There is no need to polish; 


just a wipe with soapy water and they come up 


bright and unspotted for the whole life of the car. 
When the nation’s needs permit, “Silver Fox” will 
be available to the discriminating motorist in ever- 
increasing quantities. 


Our colour photograph shows Hub caps by courtesy of tie Ford Motor 
Company. Steering Wheel by courtesy of Wilmot Breeden Limited. 





SAMUEL FOX & COMPANY LIMITED 


Associated with The United Steel Companies Limited 


STOCKSBRIDGE WORKS - Nr. SHEFFIELD + ENGLAND 


THE AUTOMOBILE ENGINEER, January 1952 





1s ALL THE OUL 
BEING FILTERED 


ALL THE TIME? 


= 


ay pbs 





That is the vital question 
which must be asked when considering 
filtration claims. Engineers today accept the 
fact that for real protection, partial flow 
filtration is not enough. But remember! even 
a so-called full flow filter can allow irrepar- 
able damage if the by-pass comes into opera- 
tion for Jong periods when the oil is cold. 

CONSIDER THE FAMOUS 
VOKES ELEMENT 

Here is the VOKES. filter 
element unchanged in prin- 
ciple because thirty years of 








constant research have found 

nothing better. By its principle 

of “ filtration-in-depth” it 
avoids the possibility of particles being driven straight 
through the filtering medium and also ensures a slower 
build up of surface sludge. 


This then is the vital point. If a so-called full flow filter 
cannot cope with the oil when it is cold and sends it 
direct into the engine, then it is not filtering a// the oil 
all the time. Consider, too, the question of **cleanability”’. 
This is highly important where plant and machinery is 
operating in remote areas, avoiding the possibility of 
equipment being put out of service through the non- 
availability of expendable elements. Also, although the 
VOKES element may cost a little more in the first 
place, the fact that it can be cleaned several times 


gives long-term economy. 
The VOKES direct flow device is a 


safeguard to the engine and not just to 


' the filter itself. It comes into operation 
: only under abnormal conditions and 
not for long periods . 
a merely because the oil is cold. When it + 
y SA ryt ‘ ; } 


is called upon, however, it is truly 

y? foolproof. Illustration (left) shows flow 
through filter element. Illustration 
(right) shows by-pass flow. 


kik 


VOKES t Mem GUIETDFEORD SURREY 


VOKES (CANADA) LTD., Toronto Represented Throughout the World VOKES AUSTRALIA PTY. LTD., Sydney 
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SERVICE TELLS 


‘“*My experience confirms their claim of 
prompt and attentive service” 


says Mr. User. 
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1948, 1949, 1950, 195!) 


x years (1947, 
of continuous 
national race 


inter 
successes 


i 
onove EDGE tHe WORD 


UG 
MOST RELIABLE SPARKING PL 


HERE'S WHY 


The most vital part of any plug is the insulator, and 
‘sSINTOX’ insulation, cxclusive to Lodge is not only used in 
plugs for racing cars but is standard to all I odge plugs. 
Lodge, by its testing, gruelling, race successes, has proved 
to be the world’s most reliable plug—remember this when 


buying plugs. 


1951 SUCCESSES 
LODGE nro 

WORLD CHAMPIONSHIP 

GRAND PRIX OF EUROPE 
GRAND PRIX OF BARI 

GRAND PRIX OF BELGIUM 

SPARKING PLUGS GRAND PRIX OF BUENOS AIRES |! 
GRAND PRIX OF BUENOS AIRES I! 
GRAND PRIX OF HOLLAND 


. e 
The experts Choice GRAND PRIX OF LUXEMBOURG 
GRAND PRIX OF PARIS 
GRAND PRIX OF SPAIN 
Standard models 5 6 obtainable from all accessory dealers and garages. GRAND PRIX OF SWITZERLAND 














Pritish made throughout by LODGE PLUGS LTD.. RUGBY ENGLAND | 
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Used by th 
e leading Car Mmanufacty 
rers 


NEWALL LAC CRANKPIN GRINDER 


With the kind permission of Morris Motors Ltd. 


To Britain, exporting is life. Perhaps one of the most important 
of our exports is the British family car. An essential part in 
the manufacture of motor car engines by leading British manu- 
NE Ati) facturers is played by the Newall LAC Crankpin Grinder. We 
—_— would like to tell you more about this interesting machine 
which includes hydraulically operated wheel head and work 
steady with single lever control, steady and wheel head 
feeding simultaneously from opposing sides . . 


gee Tas 


PROVIDES WITH THE L.A. GRINDER A COMPLETE 
PRODUCTION LINE FOR CRANKSHAFT GRINDING 


NEWALL GROUP SALES UD. 


ih ahested thet Tel. PETERBORO 
$co SH gps wae JMMOND AS au LTD 
5 West GE 7E REET GLAS SY 


A PRODUCT OF THE NEWALL ENGINEERING CO LTD PETERBOROUGH 
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Satety plus— ri ih 


i 
\ oe 


durability... ' \ 


@ The safety “DON” STAIRTREADS provide, with their non-slip grip and the clear way 
in which the aluminium nosings outline each step, gives passengers full confidence. 


@ Available in an attractive range of colours. 


@ The more common type of fabric-filled stairtreads can be supplied as well as our well- 
known colour range. 


@ Comprehensive range of nosings available. Send for brochure. 


COLOUR-FILLED 
ALUMINIUM 


stairtreads 


PATENT No. 645569 


SMALL & PARKES LIMITED ' MANCHESTER: 9 
LONDON. 18 HIGH STREET. WIMBLEDON, S.W.19 


STR2 
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| AND 
CNX 
: AS 


Yu han argyu yore hed off abowt simplifide spelin and wether forenerz shood awl tork 


inglish tu make things eezi for egsport, but thairz wun thing sertin: yoozers ov Desooter 
Toolz speek the saim langwij in aw! partz of the wurld, and it iz kwite hleer to everywun. 


Even tu americanz, hoo bi lotz of Desooter Toolz. Thiss iz wot they sav : 


Desooter POWER TOOLZ INKREESE PRODUKSHUN 


CRC2Z25 
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VANDERVELL 
Thin Wall Bearings 
SERVE ALL BRANCHES OF THE 
ENGINEERING INDUSTRY 








©) VANDERVELL 


THIS MARK j 
nue: PRODUCTS LIMITED 
PRODUCTS 


WESTERN AVENUE To ROYAL oe ae w3 
| ee | 
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16 months continuous 
production with rhe 


same ser of Ei Cr. 
: drills 


The set of ‘Easicut’ Drills supplied for this 80 spindle 
Drilling Machine working on Cylinder Heads at Leyland 
Motors, Ltd., has been in continuous production for 
over 16 months. Cutting life between re-grinds has also 
improved considerably—a tribute to ourselves as the 
manufacturers and Leyland Motors, Ltd., for their choice 
of a fine drill. 





Makers’ of high quality Engineers’ Cutting Tools for over a century 








ee ee CORPORAT 


OPENSHAW 
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Achieving 
the 


® ° 
impossible In the production of 
specialised steels, W. T. Flather have shown themselves 
able to surmount the most difficult problems. It is 

only the impossible they cannot achieve. And the 
impossible at present is to keep up with the demand. 
So many firms are asking for these fine quality steels 
now that their full needs cannot be met until more 


supplies are available. When the impossible becomes 





possible, W. T. Flather will achieve it. 


SILKASE 
W. T. FLATHER LIMITED mene 
ITENKUT 

STANDARD STEELWORKS - SHEFFIELD 
NYKROCASE 
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CORRUJOINT 


ALL-METAL 
GASKETS 

















Castings for chuck bodies have 

to be machined all over to fine limits, 
drilled and deep channels cut for jaw guides 
— a searching test for casting quality. Only castings of 
uniform solidity and easy machinability all 


through will satisfy the makers 
MEEHANITE 
METAL FOUNDRIES 
AT YOUR SERVICE of Burnerd chucks. 


CARDIFF & NEWPORT. That, plus the 


Goulds Foundries 
GLASGOW nici extra wear resist- 
G. M. Hay 


and Company Ltd ance of Meehanite 


KIRKINTILLOCH 
Cameron and 
Roberton Limited 


Metal, which minimises 


LEICESTER wear and eliminates 
Richards (Leicester) 
Limited 
LONDON, ws scoring in the jaw guides, 
Qualcast 


! 
(Ealing Park) Lid is why they use Meehanite 


NEWCASTLE-ON-TYNE 6 
C. A. Parsons 
and Company Ltd Castings. See a Meehanite 

RIPLEY, DERBY 
The Butterley 
Company Limited 


Foundry about your castings. 


For here, in addition to the 
ROCHESTER 


tira ig advantages of 


SOUTH SHIELDS 
Carmichael Bros. 


Limited EURNERI 


Nile Street CHUCI — 
al 


STOCKTON-ON-TEES “ 
Ashmore, Benson ”~ 
Pease and Co. Ltd 

WILLENHALL, STAFFS 


John Harper 
(Meehanite) Ltd. 












Meehanite 
Metal, you will get a 


service backed by the world-wide experience of the 





International Meehanite Research Institute and its 140 member foundries. 


\ Boner 
Z== SEND FOR THIS BOOK—an important guide to every buyer of castings 


Write for “ Better Castings M.S. 98A”’ to any of the Meehanite Foundries listed | | 0? ? h “a nm if 0? 





THE INTERNATIONAL MEEHANITE METAL COMPANY LIMITED [imme (ZL) 


66 VICTORIA STREET, LONDON, S.W.!. Telephone: ViCtoria 9921-22 Telegrams: Meerion Phone London 








1.43818 
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JOBBERS’ DRILLS 


FOR GENERAL WORK RIGHT & LEFT HAND CUTTING-A7ass, a/umininm and plastics 


THE SHEFFIELD TWIST DRILL AND STEEL COMPANY LIMITED 
“SHEFFIELD -” ENGLAND PHONE: 24137: (5 LINES) GRAMS: PROELLS - SHEFFIELD 


LONDON OFFICE: TERMINAL HOUSE, LOWER BELGRAVE STREET, S.W.1 Phone: SLOANE 2111 (4 lines Grams: PROELLS KNIGHTS LONDON 





DORMER TOOLS ARE OBTAINABLE FROM YOUR USUAL ENGINEERS’ MERCHANTS 
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SCAMMELL ARTICULATED 
20-TON MACHINERY 
TRANSPORTER 


SCAMMELL 14-FT. 
WHEELBASE 
MOUNTAINEER 


SCAMMELL SIX-WHEEL 
DRIVE EXPLORER 





THE CAPE ASBESTOS COMPANY LIMITED 
114-116 PARK STREET - LONDON - WI - GROSVENOR 6022 P.B.X. 
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GIRLING FIRSTS 


The really efficient 
MECHANICAL BRAKE 


The MECHANICAL TWO- 
LEADING SHOE BRAKE 


That is why every advance in Brake Engineering 
must be the result of intense and exacting Tests 
to the most rigid standards The DISC BRAKE 


HYD 
THAT IS WHY GIRLING RESEARCH « snags ge 


DEVELOPMENT DEPARTMENT IS PROUD BONDED LININGS 
OF HAVING PRODUCED SO MANY “FIRSTS The TWO-TRAILING 
IN THE HISTORY OF BRAKING PROGRESS SHOE BRAKE 


HYDRAULIC CLUTCH 
ACTUATION 


Ht8 the anemitaug ifort hat hegos 


GIRLING 


5 
See ee , 
Se 





GIKLING LIMITED KINGS ROAD 
TYSELEY BIRMINGHAM II 
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GAR RISEIN 











SMETHWICK DROP FORGINGS LTD - SMETHWICK & KIDDERMINSTER ENGLAND 
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k-@ 
HOT DIE 
ST Bee 


Specially developed by our 
Metallurgists for gravity and 
pressure-fed Die Casting Digsy 
Hot Stamping, Pressing afd 
Extrusion Dies and _ Followers, 
as well as for Mandrels, Con- 
tainers, Bolsters, etc. 

K.E. Hot Die Steels are the result 
of careful research into the ever- 
increasing demands of modern 
industry for steels capable of the 
greatest possible resistance to 


thermal fatigue. 


Other specialities include high grade High Speed and Stainless Steels as Forgings, 


Wire and Bars, black rolled or precision ground to the _ finest limits. 


JELuison( & CO.LTD.) 


TEEL WORKS + SHEFFIELD - ESTABLISHED 1825 
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INDUCTION HEATING 
EQUIPMENT 


Brings high speed flow-line production to soldering, 











brazing and heat treatment operations 


COMPACT EQUIPMENT occu- ; 
pies minimum floor space. Output power: 25 kw. continuous, 35 kw. at 50°, duty cycle with 
a maximum heating time of 8 seconds. Output frequency: 250-600 kcs. 


INFINITELY VARIABLE POWER Power supply: Standard voltage 50/60 cycle, three phase, four wire. 


CONTROL by means of a Power consumption: 50 kw. at full 
single knob (74 and 25 kw. in = output, 4 kw. on standby. Power 
units). - factor: 0-87 at full load. 


FULLY PROTECTED CIRCUITS 


with tell-tale indicator lights 
(74 and 25 kw.). 


AUTOMATIC SHUT-DOWN 
PROTECTION should water 
and air circulation become a “ TWO STATION SWITCH 


insufficient. at : : —— Can be incorporated in any equipment, and 
ge speeds flow line production on many heating 


SILICA ENVELOPE VALVES, : : . : ay jobs. One station can be loaded whilst the 
: heating cycle is in progress at the other and, 

guaranteed for 1 ,500 : if necessary, two dissimilar jobs can be 

working hours can be treated on the same production run. 

’ 

repaired, reducing by 50%, 

normal cost of valve re- 

placement. 


EASY SERVICING. Equip- 
ments are unit-built and 
factory-built replacements 
can be installed as sub- 
assemblies. 











A compact unit suitable for 

numerous soft soldering, 

brazing and hardening applica- 

tions. When delivering 1 kw. } 

main loading is approx. 2 kw. Output power: 7} kw. continuous. 

with a power factor of approxi- Higher output can be obtained 

mately 0-9, Suitable for for short duty cycles. Output 

connection to 200/250 v. single frequency: two m/cs Power 

phase, 50 cycle supply. supply: standard voltage 50 cycle, 
three phase, four wire. Power 
consumption: 15 kw. at full output, 
600 watts at standby. Power 


stt INDUCTION HEAT yg factor: 0:9. 


SPECIALISTS 1M MECHA 


APPLIED W kGah Ft.U EN Gy as 


ACTARC WORKS, GOLDHAWK RD., LONDON, 12 
TELEPHONE : SHEPHERDS BUSH 1151 
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There are something like 24,000 
species of bees. Fat bees, thin bees, 
hairy bees, bald bees, black bees, 
brown bees, and bees with spots. 
Their ranze of development varies 
considerably and it has been found 
that the less developed species of 
bees have a short labinum which 
nly allou's them to take nectar from 
shallow plants. Bees—Jike the 
honey bee and bumble bee — decent 
types, have long labina, allowing 
them to reach into the deepest 
Howers. It’s all a question of 
breeding — those with the highest 
breeding are perfectly designed to 
do the job 


perfectly designed to do the job 
The Wiid-Barfield Heavy-Hairpin Furnace is designed to do the 
job too. With a temperature range of 7oo C. to 1050 C. (or with 
“ Tubular-Hairpin ” elements up to 1150 C.) they are suitable for the 
majority of batch type heat-treatment processes. They are specially 
made for the job of hardening, carburising, normalising, annealing, 


and vitreous enamelling. 


Wild-Barfield 


Electric Furnaces 


FOR BMLL H-EAT-TREATMENT PURPOSES 


WILD-BARFIFLD ELECTRIC FURN PLECFURN WORKS WATFORD HERTS PHONE WATFORD 6094 4 LINES 
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MADE BY THE PIONEERS 
IN PRECISION 
STEERING 
GEARS 


EFFORTLESS 
STEERING AND 
GREAT DURABILITY 


Hardened cam and roller. 

Tapered roller bearings (with detachable 
cones on the larger sizes). 

Double bearing support to rocker shaft. 


THE ‘MARLES’ End-location adjustable. 
DOUBLE-ROLLER Large angular movement. 
GEAR, made in a 
range of sizes 
covering every type 
of chassis. 


Very compact box. 

For fore-and-aft or transverse layout. 

Trunnion or spigot mounting alternative 
on heavy types. 


Mi ALR LE 


ADAMANT 


ENGINEERING CO. LTD., DALLOW ROAD, LUTON 
Sole proprietors of the Marles Steering Company Ltd. 
Telephone: LUTON 2662 (4 lines) Telegrams: ADAMANT, PHONE, LUTON 
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295, 
LON 


London Office 
EUSTON ROAD 
DON, N.W.1 


too ‘ 
I requirement, ond 


* Ven 
Coday, with eve, 


increasi 
in : 
ig difficulties, 


that , 
Service ° 
so is s¢; 
Urce of Wonder to 5, —~ 
u 


ers of Small Tools 
® : 





Head Office Manchester Office: 
STANHOPE STREET MANCHESTER OLD ROAD 
BIRMINGHAM .. 12 RHODES, MANCHESTER 


Tel : Middleton 3654 (3 lines) 








Tel: Euston 5311 (3 lines) Tel: CALthorpe 1381 (5 lines) Grams: Emancee, Middleton, 
Grams: Emancee, London Grams: Emancee, Birmingham Manchester 
SM/MC 489b 
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BENIGN 


WATER COOLERS 


will serve the whole needs of a factory and save 








95% of the water otherwise wasted. 

They are robust and compact, and can be installed 
in- or out-of-doors. They are extensively used for 
cooling the circulating water of Diesel, Gas and 
Petrol Engines, Refrigerating Condensers, Air Com- 
pressors, Liquid Controllers, Engine Test Houses, 


Process Works, etc., etc. 


(The names ‘Heenan’ and ‘Froude’ are registered Trade Marks of the Company) 





HEENAN & FROUDE LIMITED 
WORCESTER :3 ENGLAND 





HIGH QUALITY STEELS 
me) 


ASK FOR 
BROCHURE No. 463c. 


Soe fF F I f ee 





HADFIELDS LTD.) 3 HECLA WORKS. SHEFFIELD; ENGLAND 
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4' 6", 5’ and 5’ 6” sizes. 3” capacity in cast iron. 
3', 3’ 6” and 4’ saddle traverses. Completely electrified. No friction clutches, 


8 speeds in choice of 3 ranges. 
Write for leaflet AJ4 to: 
tes of power feed at each speed. 
blaas - is Ajax Machine Tool Co. Limited, 


13” dia. spindle with 14” feed. West Mount Works, Halifax, Yorks. 
Proprietors: ADA (Halifax) Ltd. 


( AJAX )macnine toons 
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Wrought Bronzes 


for all industries 


IMMADIUM uicu tensite BRONZES. MADE IN FOUR GRADES WITH 
TENSILE STRENGTHS FROM 30 UP TO 50 TONS PER SQUARE INCH. 


CROTORITE atuminium sronzes. 30 TO 50 TONS ULTIMATE STRENGTH. 
A RANGE OF CORROSION RESISTING ALLOYS WHICH RETAIN GOOD STRENGTH AT 
HIGH TEMPERATURES. 


PARSONS mancaNese BRONZE. THE ORIGINAL MANGANESE BRONZE 
ALLOY. 


% Brass, Naval Brass, Yellow Metal, Brazing Metal and other Alloys 
supplied to British Standard, American and other specifications. 


Extruded Rods, Bars, Tubes and Sections. Rolled Rods, Bars, 
Tubes, Plates and Sheets, Forgings and Machined Parts. 


BROCHURES SENT FREE ON REQUEST 


THE MANGANESE BRONZE € BRASS CO. LTD. 
HANDFORD WORKS. IPSWICH, SUFFOLK 


Telephone: Ipswich 2127 


Telegrams: Bronze, Ipswich. 
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IN THE ‘DRIVING FUTURE’ 


The adoption of new types of power units, or new 


methods of power transmission, or improvements in 
present designs, will still find RiM Bearings to the 
forefront, giving smooth and efficient service. 


Constant experiment in designs, and with new materials 
tested in our laboratories, will ensure RiM Bearings 
meeting your future demands. 
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NEW DEVELOPMENT IN FASTENERS 
For Holding Machine Parts Together 


TRUARC RETAINING RINGS 


Snaps on radially where 
axial assembly is im- 
possible. No 

special tools 

needed 





Inuerled e 


For bearings with large 
corner radii, uniform 
shoulder for curved 
abutting surfaces 


Interlocking 


2-piece ring takes heavy 
thrusts, gives positive 
lock, secure against high 





Bowed" 


Takes up end-play resiliently 
accommodates accumulated 
tolerances 


Takes up end-play rigidly, 
accommodates accumulated 
tolerances. 





Cercular 

Self-Locking® 
Economical where thrust 
is moderate — holds fast, 


yet shaft requires 
No groove. 


Solf- Locking 


Low cost ring for soft 
shafting materials, requires 
no grocve, 
secure against 


Bowed ring body flattens 
as nut ts tightened. Inner 
thread locks securely 
with screw thread. 


vibration 

















* Available for both internal and external application 


Wherever machine parts must be held together with 
strength and dependability, Truarc Retaining Rings 
have proved themselves superior in performance to 
other types of retainers—machined shoulders, nuts, 
bolts, cotter pins and ordinary snap rings. Quick and 
easy to assemble, Truarc Rings fit securely in grooves. 


Self-locking types require no groove. They simplify 
designs...save materials...minimise skilled labour 
operations... facilitate maintenance of the finished 
product. Find out what Truarc Rings can do for you. 
Send us your problem. We will be glad to suggest a design 
solution using Truarc Rings, and to send sample rings. 


ee a ee ee ae 


\ ! Geo. Salter & Co. Led. 
West Bromwich 


SEND FOR NEW CATALOGUE 


Please send catalogue on r Rin 
WALDES gu Truarc Retaining gs 


ret t { J Please send information about obtaining samples 
ft Lia 
t 
revale! , Nene. : an —— 
=" : Position held ——————————— 
TRY oe 


REG. BRITISH PAT. OFFICE. TR. M. RE Company 


RETAINING RINGS 
WALDES KOHINOOR, INC., LONG ISLA? 1, NEW YORK, U.S.A 


TRUARC RETAINING RINGS ARE COVERED BY ONE OR MORE OF THE FOLLOWING BRITISH PATENTS: 618,832; 
619,078; 621,122; 623,584; 627,059; 618,842 AN THER PATENTS PENDING 


ceo. SALTER 





Business Address 








eee) 
M-W.316 
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Detachable oil filter 


This new AC partial-flow oil filter with replaceable element meets 
the increasing demand for a filter that can be removed for inspec- 
tion and replaced every 8/10,000 miles. It provides a permanent 
installation for coupling into a by-pass oil supply system and the 


filtering element can be replaced without disturbing pipe connec- 











tions. Sump oil is filtered on an average of ten times an hour. This 


means less motor wear and longer ‘motor life — the objective of 























every motor manufacturer. 


mn 





AIR CLEANERS AIR SILENCERS - CRANKCASE BREATHERS 
CAR HEATERS - FUEL PUMPS - SPEEDOMETERS - GAUGES 
INSTRUMENT PANELS : OIL FILTERS : THERMOSTATS 


SPARK PLUGS WINDSCREEN WIPERS - DIE CASTING 





If you are contemplating an important new design, or a modification of an AC-SPHINX SPARK PLUG COMPANY, 


existing one, take advantage of the facilities of the AC Technical Bureau. DIVISION OF GENERAL MOTORS LTD., 
We probably can save you hours of planning and experimentation. Write to the 
AC Technical Bureau, 54, The Butts, Coventry; or telephone Covents y 61747. DUNSTABLE, BEDFORDSHIRE 
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When / wanta CZ// | turn to 


Sole Makers : 


TERRY'S 


(the Seung people) 
Y~VANG iD 

I go to TERRY’S for all kinds of CLIPS—steel, 

bronze, stainless, ete. When I want a clip made to 

specification, Terry’s Research Department is a big 

help in the matter of design (Terry’s with 96 years’ 

experience should know a thing or two !) 





Nos. 80 and 81 come 
from }”to2” from stock. 
No. 300, an excep- 
tionally good drawing 
board clip, costs §/- a 
doz. (inc. p.t.) from 
stock. 


Want to know all about springs? 
Here .is the most comprehensive 


text - book on springs in existence, 





HERBERT TERRY & SONS, LTD., REDDITCH ©@ London @ Birmingham Manchester 


HT4F 
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FITTED TO THE WORLD S BEST CARS 


_Miibie 





SILENTBLOC LIMITED VICTORIA GARDENS LONDON W1I.TEL.PARK9821 
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THE 


MORGAN CRUCIBLE 
COMPANY LIMITED 


C epper— 4 aon 


Ever increasing development and progress in machines and components 
demands materials which will meet new requirements. With the introduction 
of Copper-Carbon we announce an addition to our well known range of Carbon 


engineering materials. 


Copper-Carbon combines the strength advantage of metal with the self- 
lubricating properties of Carbon. These virtues giving low wear rate, favourable 
co-efficient of friction and resistance to high temperature. 


Used for the following applications :— 
SEALING RINGS BEARINGS 
GUIDE SLEEVES OIL SEALS 
PACKING RINGS GLAND RINGS 


CLUTCH THRUST RELEASE BEARINGS 


LONDON, S.W.11 
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She 
TRIPLE 
BRAKING 


SYSTEMS 
which have 
everything 

fhe name 


Simplicity of layout makes installation costs small 
: 
economi cal Method of construction and manufacture ensures reasonable costs of units 
Maintenance and running costs negligible. 


Ease of obtaining correct braking ratio between front and rear axles 
In the event of rear wheel braking failure, front wheel braking is still effective or 


ce versa with manual braking available at all times. 
dependable : . 


These features give a smooth, sure and powerful braking system that is absolutely 
reliable. 


Each unit independent in application. 
Easy replacement of units. 


interchangeable System can be operated by 
VACUUM, AIR PRESSURE or CONTINUOUS FLOW. 


CLAYTON DEWANDREZ...7. 


Fitanuec Works - - Phone 1305-9 











Tees 
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We manufacture all types of springs for automotive 
vehicles. Torsion bar and coil springs for independent 
suspension systems and laminated springs, grooved 
or flat, with shot-blast treatment for longer fatigue life 
if desired. 


Grooved section laminated springs—a Toledo Woodhead 
patent—use 10% less steel. 


TOLEDO WOODHEAD 


SPRINGS LIMITED 


ATED SPRINGS 


TOLEDO WOODHEAD SPRINGS LIMITED-:SHEFFIELD 3 


TWS 30 
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HYPOID DRIVE 


KIRKSTALL FORGE ENGINEERING LTD 
LEEDS 


Telephone : Horsforth 2821 
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SU ERFE CT Seals are the perfect answer to all: 
. yy oil sealing problems. Whether it 

be for motor vehicles, locomotives. 

ships, aircraft or, indeed, any ma- 


chine, fitting SuPerfect ensures that 
they are well and truly sealed. 


SUPER OIL SEALS & GASKETS LIMITED 


FACTORY CENTRE e BIRMINGHAM 30 
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“SUREGRIP" 


V-ROPE 
DRIVES 


CROFTS “SURE-GRIP” V-PULLEYS AND V-ROPES ARE STOCKED IN 
ALL SIZES FOR POWERS UP TO 100 H.P. AND FOR ALL RATIOS 
FROM 1 TO 1 UP TO 8TO1 


CROFTS (encineers) LTD., BRADFORD 





PHONE 6525! (10 LINES) GRAMS CROFTERS BRADFORTI 
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ADD \\icyc\c SPEED 
TO METAL SHEARING 


Wio¥ele power and reliability is 

now available in a portable power 

tool for high speed metal shearing. 
Conservative estimates on difficult 
operations show a 50%, cut in operating 
time—a figure which is even exceeded 
on straightforward work. The Vi\cyele 
Shear brings dramatic advantages of 


power in relation to weight . . . of speed 


under load . . . of lower mainten- 
ance costs... and of electrical safety. 
Inthe Hicyéle Shear you have unrivalled 
ease and accuracy of use with absolute 
taken-for-granted reliability. There is a 
pneumatic model for those who prefer 
an air tool, but whether you choose 
pneumatic or electric, for high speed 


metal shearing, it certainly pays to... 





CALL IN CONSOLIDATED 


LONDON & FRASERBURGH 


Bridgend - Belfast - Dublin * Johannesburg 
and principal cities throughout the world 


PNEUMATIC TOOL 


Manchester - 


CONSOLIDATED 


Offices at Glasgow 
Melbourne Paris 


co. 


Birmingham 


ite :. - 


Leeds ~- 
Milan 


Newcastle 


Bombay Rotterdam Brussels 
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DAVID BROWN 


are making 
sure with HARPER 


quality Back axles for the 


David Brown Tractor 
have to stand up to 
the arduous work de- 
manded of them by 
the farmer. Another 
example of how 
famous firms rely on 
Harper quality. 


Harper 


and 


Harper-Meehanite 
astings 


Harper quality covers grey iron and 
Meehanite castings, and also metal pres- 
sings, machining, enamelling and other 
finishes and sub-assembly work. 


JOHN HARPER & CO. LTD. JOHN HARPER (MEEHANITE) LTD. 
ALBION WORKS Phone: WILLENHALL 124 (5 lines) Grams: HARPERS WILLENHALL WILLENHALL 





LONDON OFFICE: SEAFORTH PLACE, 57, BUCKINGHAM GATE, S.W.1. Tel: TATE GALLERY 0286 
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24 Hours of strain without respite 


At an average speed of 93.498 m.p.h. Peter Walker and P. N. Whitehead 


drove their winning Jaguar through the innumerable twists and turns of the 
Le Mans circuit for 24 hours—hours of intense strain for driver and car 
alike. Constantly shifting gear, braking and accelerating away again, every 
time the speed is varied the load is thrown on to the transmission, it is the 
vital link between the power developed and the speed attained. Specialists 
in motor transmission, Hardy Spicer have designed and developed propeller 
shafts and universal joints which are standard fittings to Jaguar cars and 


throughout the motor industry 


sens > Rh mmm 


PROPELLER SHAFTS AND UNIVERSAL JOINTS 


WITTON, BIRMINGHAM, 6 


BARD Y SPICER @ CO. t A Birfield Company), 
3 AUSTRALIA 


HARDY SPICER (AUSTRALIA PT ¥ MITED, SOMERS STREET, BURWOOD, €.13, VICTORIA 
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Wodleun tudomuu: lubucaition of 
BUSES & COMMERCIAL VEHICLES 
by means of 
yn <OMIC 


Backed by 


Fitted to new Public Ps “| “e : eo Tecalemit design 
Service Vehicles as : >. and service. 


standard equipment. 


ee 
Adequate and con- 


, ‘te By f ; 
Ria ie, , / sistent lubrication 

re- rmine < f é a : 
sn 4 <y a ensured throughout. 


; Ps, 
quantities of oil LS 
to each point. 6 


to fleet experience. 


conversion. 


All 40 main a p 
points lubricated aa ge \ 
, \ | £ Self-lubricated 


individually. ~ 


ti, — “ The outcome of 
# eminently suited YA | over 20 years 


y \ Oil fed a f pump requiring 
si / Lubrication carried ( under high : no attention. 


out on a definite pressure po 
mileage basis. 


_ = 


TECALEMIT 


The A uthority on Lubrication 


PLYMOUTH & BRENTFORD 
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Localised Hardening 


of 3,500 clutch : | 
sleeves per week of) Hi 


Above: View showing 3 hardened 
segments. 


Below: Section showing 3 hardened 
bands. 


the “machine tool’’ approach to PRODUCTION HARDENING 


Component Synchromesh gear box clutch sleeve. 
Dimensions 3.34” diameter x 1.3” width. 
Material EN 8 0.4”, C steel. 

Hardened Area... . 3 x 90 segments in three bands. 


Condition Clean, decarb-free surface. Distortion— 
Nil. Hardness—Rockwell C 47-57. 


Production 3500 parts per 44 hour week. 


Equipment Birlec 20 kW automatic H.F. 
induction heater. 


INDUCTION | BIRLEC LIMITED 
HEATING ERDINGTON - BIRMINGHAM 24 
_ D IV : S | ON Telephones : EAST 1471 (9 lines) Telegrams : Birlec, Phone, B’ham 


SM/B.337a 
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With Hypoid first reduction and helical spur final drive 


These axles are built to the famous Timken standard of ruggedness and 
durability; the first reduction is by generous-sized hypoid gearing, the 
final reduction gives a choice of two ratios and consists of constant mesh 
helical gearing of great strength and wearing capacity, engaged by robust 
dog-clutches. 

All the bearings have high-duty Timken tapered-roller bearings. The counter- 
shaft has a vertical offset, giving a practically straight-line propeller shaft. 


Exclusive European distributors for The Timken Detroit Axle Co., Detroit, Michigan, U.S.A.: 


OTHER FEATURES: 


High-duty differential. 

Forged high-carbon steel axle 
housing. 

Brakes: Hydraulic—dual primary 
or air-actuated. 


AUTOMOTIVE PRODUCTS COMPANY LIMITED, Brock House, Langham Street, London, W.1., England. 








27 car manufacturers 


and geckonida 


Geckonida is a usetul little lizard who lives in the Middle East and runs along the 
ceiling in search of insects. The secret of this trick is Gecko’s claw, each plate of 
which is covered with tiny hairs By muscular pressure, Gecko forces the air out 


of the velvety pil wcuum is created and pertect adhesion is achieved on any 


surface and in any position . Without having to walk on the ceiling, the British 
car manufacturers’ demands in the matter of adhesives are 

equally exacting and specialised. That is why twenty-seven wa 

British car maautacturers rely on the wide range of D.S.P. 

adhesives for their different assembly jobs*. D.S.P. take 

into account ever sideration of physical properties, 


tensions, surtac limatic conditions 
ADHESIVES 


DUNLOP SPECIAL PRODUCTS LIMITED + FORT DUNLOP ERDINGTON - BIRMINGHAM 24 


I CALE 
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We keep our eyes peeled for inaccuracy all the way from the blank to the finished gear; and to 


help peel our eyes, we have an extensive range of gear testing equipment, much of which has been 


developed by ourselves. Other equipment, like the Taylor-Hobson projector illustrated, is brought 
in for examination of gear profiles, gauges, cutters, screw threads, etc. 


In this way we keep a tight control of gearing inaccuracies and produce gear as right as rain. 


Holroyd WORM GEARS 


JOHN HOLROYD & COMPANY LIMITED - MILNROW + LANCASHIRE 


RC IS 
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RESILIENCE 
& DAMPING 


Made to measure 


Metalastik manufacturing technique, which 
developed the famous rubber-to-metal 
weld, is backed up by constant development 
and large-scale research. 

As a result, the design of fittings or mount- 
ings has become a routine matter and we 
can, after suitable technical investigation, 
produce prototypes which are generally a 
great advance upon anything already in use. 
We are regularly supplying very large 
quantities of our Ultra-Duty bushes for 
shackles, and have developed a special type 
(illustrated on the opposite page) for loads 
beyond the range of ordinary elastic bushes. 
Metalastik ‘‘floating power’’ and torsional 
vibration dampers are well-known and 
outstanding, because they combine great 
effectiveness with absolute simplicity, and 
in general this characterises the whole of 
our production. 

Our engineers are at your disposal in 
collaborating upon any ‘‘Metalastik’’ prob- 
lem you may have. 


1 Metacone mountings used by BM{O for 
bus body suspension. 


2 Low point ‘‘floating power’’ engine suspension 
used on the 7.7 litre chassis. 

3 ‘‘Floating power”’ on the 7 L.S. type 
(underfloor) single-deck bus chassis. 

4 Flexible support for propeller shaft centre 
bearing on the Quip VIXEN’ 


5 Torsional vibration damper and dynamo 
couplings on the Jevland, 0.600 engine. 


METALASTIK LTD., LEICESTER 











| avaTIN @ } : See HUMBER|® 


bans 
VANGUARD 
(ety 


( NewS) 
\ ‘BEDEORD 


Fordson 


ee 


They all use 
eo @ 
Bonded Rubber to Metal Parts 


| MANUFACTURED BY 


Firestone / . 


ay 








EXPERTS IN DESIGN 
| OMMER| AAND PROCESS 


TCT 


Firgstong. Tyre & RuBserR Co. Ltp., 

















Great West ROAD, BRENTFORD, MIDDLESEX 
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WHAT MAKES 
A GOOD BEARING? 


he main requirements of a good bearing are the structure 

of materials used and the method of constant and reliable lubrication. 

Compo bearings are made from powdered metals and have a micro- 
porous structure which is charged with oil. According to the 
requirements of load and speed the oil is fed to the bearing surfaces 
where a continuous oil film is maintained. With this method 

there is little likelihood of bearing failure and the most inaccessible 

points are, therefore, safe with Compo. Let our Technical 


Department help you with your own bearing problems. 


COMPO 


BEARIN G S§S 


BOUND BROOK BEARINGS (G.B.) LIMITED, TRENT VALLEY TRADING ESTATE, LICHFIELD, STAFFS. 
Telephone : Lichfield 2027, 2028 A Birfield Company Telegrams : Boundless, Lichfield 
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BALL & ROLLER BEARINGS 


THE SKEFKO BALL BEARING CO., LIMITED + LUTON 
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Standardization of Components 


TANDARDIZATION is a matter regarding which 
the automobile industry has heard much during the 
post-war period. It was frequently put forward 
by one or another spokesman of the late Government 

as a panacea for all the imagined ills of the industry. 
Moreover, it was often advanced in a manner which sug- 
gested that standardization was new and revolutionary, a 
method about which the industry had no previous know- 
ledge. The fact, of course, is that the enginc.ting industry 
of this country in general, and the automobile industry 
in particular, has for many years realized the benefits that 
standardization, intelligently applied, can bring. 

The British Standards Institution has been in existence 
for fifty years and it has done a vast amount of work in 
many different spheres. The S.M.M.T. has had its 
standardization committee for some years. Standardiza- 
tion was also very ably advocated by the late Oliver Lucas, 
_ because of the great variation in electrical components 
that were manufactured by Joseph Lucas Ltd. to meet the 
demands of the motor industry in the pre-war and immedi- 
ate post-war period. Since 1945 an appreciable measure 
of standardization of electrical equipment has been achieved 
by consultation with individual manufacturers. 

There is, therefore, nothing new in standardization. 
Indeed, the large manufacturers have for many years 
followed a policy of standardization within their own 
concerns and as regards their own particular products. 


Changed economic conditions 


In the pre-war period, with its easier economic conditions, 
there was little need for any great degree of standardization 
between the various large manufacturers, except in certain 
special cases. Electrical equipment, as already mentioned, 
was one of those. The very different economic conditions 
of the present day, however, obviously make a greater 
degree of standardization not only acceptable but desirable. 
In 1948, at a meeting of the S.M.M.T. Production 
Efficiency and Standardization Committee at Earls Court 
on November 4th, it was decided that senior executives 
from the engineering and purchasing departments of the 
large manufacturers, known as the Big-Six, should meet 
for discussion at regular intervals to examine problems 
affecting the components used by their Companies. 
Between them, the Big-Six concerns are responsible for 
producing 87 per cent of the total output of vehicles in 
this country. 
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In this manner was formed what has since become known 
as the Big-Six standardization committee which, in the 
introduction to its first report, dated August, 1949, laid 
down its objective in the following words: ““To promote 
the principles of standardization with reference to products 
of the Big-Six manufacturers. Firstly, to achieve improved 
economics, thereby lowering costs and obtaining the 
highest possible production and concentration upon the 
smallest possible variety of components and accessories. 
Secondly, to facilitate production methods and to promote a 
more efficient after-sales servicing of vehicles.” 

It is true, of course, that if carried to extremes standardi- 
zation could result in stagnation of design, but the com- 
mittee has recognized that fact, as is plain from its terms of 
reference set forth in the report as follows: 

“To concentrate on a programme of standardization 
which will avoid 
(a) interfering with the proper rate of technical progress 
(b) interfering with a proper degree of individuality in 

regard to both engineering and style.” 


Availability 


Moreover, the Big-Six do not jealously guard the results 
of the committee’s work for the sole benefit of their 
constituent members, and the Standards Books which are 
published to record the data of standardized components 
are available to all manufacturers and suppliers, and to 
any technical body on request through the S.M.M.T. 

That very valuable results have been achieved there is 
no doubt, and a single instance may be cited in proof of 
this. Thus 10 basic brake sizes have been agreed upon 
and as a result of this rationalization one brake manufacturer 
who services 136 different brake shoes will, when the scheme 
is in full operation, supply 10 different brake shoes to cover 
the full range of the 10 sizes listed. 

It is obvious, of course, that standardization is, and by 
its very nature must be, a long-term policy. It will, there- 
fore, be some little time before the work of the committee 
can come to full fruition. It is, for example, impracticable 
to alter a well-proved and perfectly satisfactory design 
merely for the sake of incorporating standardized com- 
ponents. To do so would seriously interfere with produc- 
tion, and, far from achieving economy, would probably 
have the opposite effect, at least for a time. When in the 
course of time a new design becomes necessary, as experience 
shows is sooner or later the case, then will be the oppor- 
tunity for achieving a greater degree of standardization 
without concomitant economic disadvantages. 

G 
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It is a matter for regret that the word “standardization” 
is apt to provoke adverse reactions in the minds of many. 
It has tended to connote the drastic limitation of individual 
choice or the imposition of a single type to the advantage 
of the individual or corporate producer. 

Providing measures of standardization are agreed upon 
after consultation, compromise and adjustment, and are not 
exclusive in their provisions, there is no reason for an 
obstructive attitude. On the contrary, they should be 
welcomed as promoting the general advantage. 


Type Reduction 


The present move, in aims, methods and effects, is quite 
different from the drastic rationalization of the German 
motor industry immediately prior to the commencement 
of the last War. That process was conceived at political 
and military levels and was rapidly and ruthlessly imposed 
on the motor industry with all the authority and pressure 
of the State. 

In one respect, however, the German example could be 
followed. To name the policy, a typical omnibus-word 
‘“‘Typenbereinigung” was coined. A literal interpretation 
would be “‘type-clarification” which, admittedly, does not 
fall easily from a British tongue. Nevertheless, it describes 
the policy more accurately and more aptly than does either 
“standardization” or “rationalization.” 

It is obvious that standardization on such components as 
electrical equipment, brakes, shock absorbers, instruments, 
propeller shafts, ball-bearings, parallel roller bearings, 
thin-wall bearings, road wheels, clutches, steering gears 
and substitute materials must make for a lowering of costs 
and the highest possible production. At the present time, 
when increasing competition in foreign markets is being 
experienced and has made inroads into last year’s record 
export figures, it is vital to reduce production costs in every 
possible way in order that the automobile industry may 
continue to play the same important part in the economic 
recovery of the nation. 

o “ee . 
Kerbside Finish 
HE latest addition to the nomenclature of the 
motor industry is the term “kerbside finish”. The 
genesis of this new phrase, with its expressive 
though disturbing implications, is not really clear. 
If it be of transatlantic origin, which some appear to assume, 
we might expect that it would have come to us as “‘side- 


walk finish”. Not necessarily, however, because there is 
the example of the kerbside parking meter, a device we 
believe indigenous solely to the American scene. In any 
event, it is the kerb rather than the side-walk upon which 
the new definition is based. The side-walk, or as we call 
it, the pavement is, after all, reserved for pedestrians. It 
is, in fact, on the supposition that the approach to the 
vehicle is no closer than the kerb, that the term “kerbside 
finish” owes its supposed justification. 

Underlying is the idea that if the appearance of a car 
passes muster at a casual glance from a distance of a few 
feet, then that is all that is required. It is, perhaps, a matter 
for regret that for the overwhelmingly vast majority of 
mankind, a finish of this order is all that is demanded. 
Most of the comments on the subject, both in the industry 
and out of it, have been of a derogatory character. Perhaps 
this may be attributed to the rather unfortunate association 
of ideas that naturally follows the use of the word “‘kerb- 
side”. There is, however, but slight reason to criticize 
this utilitarian approach provided the lowered standard 
embodies the requisite durability. 

It may well be that on this whole question of superficial 
finish we have been, ever since the era of the horse-drawn 
vehicle in fact, upholding false standards. A car is an 
all-weather vehicle and should be finished to withstand 
climatic variations, much as is footwear or clothing material. 
To finish it in such a manner that only by incessant toil 
can the original appearance be maintained is hardly 
logical. 

The crux of the matter would, therefore, seem to lie 
in the way the term “kerbside finish” is interpreted. 
Should it be made the excuse for thinner and shoddier 
surfaces with still less underlying protection against 
damp and Corrosion, then it is, of course, wholly bad. 
If it merely means rather less sheen and fewer decorative 
areas of indifferent chromium plating, then no great harm 
will be done. 

There would, however, be no very general outcry if the 
motor car of ordinary commercial production took on an 
altogether harder and more durable work-a-day finish. 
It is to be hoped that the new look, if and when it materia- 
lizes, will be more, rather than less, durable than before. 
It is preferable for the car to start its working life at a lower 
level of shine and maintain it throughout a period of years 
rather than deteriorate with the rapidity that now occurs 
if continual washing and polishing is neglected. 
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THE JAGUAR MKVII 


A High-speed Touring Saloon of Outstanding Merit 


ITH the introduction of the 

XK120 Jaguar two-seater 

having an entirely new twin 
overhead camshaft engine, it appeared 
inevitable and rational that the old- 
established pushrod engine in the 
Jaguar saloon models would eventually 
be superseded. After two years of 
remarkable success in motoring com- 
petitions of all types, the new engine 
was embodied in a new chassis known 
as the MK VII, carrying a redesigned 
body of appreciably greater capacity 
than the MK V saloon, its immediate 
predecessor. 

Although outside the scope of these 
notes, the body has a number of 
unusual detail features worthy of 
mention. Exceptional luggage capa- 
city has been obtained by the use of 
two fuel tanks mounted in the rear 
wings, carrying 8 gal and 9 gal respec- 
tively, each tank having an S.U. 
electric pump drawing through a 
separate fuel pipe. Tools are carried 
in hinged containers mounted in the 
front doors, thereby reducing the 
thickness of the boot lid, which in 
earlier Jaguar models housed these 
items. The jack 
and wheel brace, 
however, are car- 
ried in the boot, 
adjacent to the 
spare wheel which 
is mounted verti- 
cally along the 
right side. 

A fresh-air 
heating and venti- 
lating system is 
standard equip- 
ment, and among 
the minor body 
details of note is 
the provision of 
safety catches on 
the rear doors 
that prevent acci- 
dental opening 
from the inside. 
This is particu- 
larly valuable if 
small children are 
to be carried. 

Regarding the 
chassis, the en- 
gine and gearbox 
are virtually iden- 
tical with the 
standard units 
embodied in the 
XK 120 two- 
seater. The for- 





SPECIFICATION 
ENGINE: Six cylinders. Bore and stroke 
83 mm~106 mm. Swept volume, 
3,442 cm*. Maximum b.h.p. 160 at 
5,200 r.p.m. Maximum _ b.m.e.p. 
140 Ib/in? at 2,500 r.p.m. Compression 
ratio 7:1 or 8:1. Seven-bearing 
crankshaft, twin overhead camshafts. 
Twin S.U. carburettors. 


CLUTCH: Borg and Beck 10 in 
diameter. Single dry plate. 
GEARBOX : Four speeds and reverse 


with constant load synchromesh on top, 
third and second. Ratios: top 1:1, 
third 1-367:1, second 1-982:1, first and 
reverse 3-375:1. 

REAR AXLE: Salisbury hypoid bevel. 
Ratio 4-27:1 (11:47). 

FRONT SUSPENSION: Independent by 
wishbones and torsion bars, with anti- 
roll bar and Girling telescopic dampers. 
REAR SUSPENSION:  Semi-elliptic 
springs with Girling piston-type dampers, 
type P.V. 7. 

BRAKES: Girling hydraulic, self-ad- 
justing, with two-trailing shoes at the 
front. Clayton Dewandre vacuum 
servo. 

TYRES: Dunlop 6.70—16. 
DIMENSIONS: Wheelbase 120 in. 
Track, front 56 in, rear 574 in. Turning 
circle 36 ft. Ground clearance 7% in. 
Weight, dry, 3,696 Ib. 








Chassis in semi-plan, showing frame cross-bracing 


ward mounting of the engine has 
resulted in a modification to the sump, 
while an air silencer-cleaner has been 
added. The two-stage propeller shaft 
has a flexibly mounted midship bear- 
ing, and the rear axle is a hypoid bevel 
unit of Salisbury manufacture. 

An X-braced frame having box- 
section side members forms the basic 
structure, to which is attached an 
independent front suspension assembly 
similar in general to that already 
embodied on the XK120 and MK V 
models. However, to permit the 
forward mounting of the engine the 
anti-roll bar has been re-positioned 
behind the suspension assembly, while 
the steering layout now incorporates 
double-armed levers on the drop arm 
and idler drop arm to bring the centre 
section of the three-piece track rod 
well forward. 

Consistent braking performances is a 
matter of great importance on a high 
speed touring car of considerable mass, 
and the MK VII embodies the new 
Girling self-adjusting, hydraulic brake 
having two trailing shoes at the front. 
This arrangement, while reducing 
the fade sensi- 
tivity of the brake 
requires servo 
assistance if 
moderate pedal 
pressures are to 
be maintained, 
and in this case 
a Clayton De- 
wandre vacuum 
servo is provided. 

In recent years 
Jaguar cars have 
acquired a name, 
both in Britain 
and overseas, 
for remarkable 
value for money. 
The MK VII is 
no exception, but 
it should be em- 
phasized that no 
concession _has 
been made to 
cheapness in 
achieving this 
reputation. By 
any standard the 
MK VII repre- 
sents perform- 
ance, and indeed 
luxury, in car 
travel of a very 
high order. 

Having a_ bore 





Propeller shaft midship bearing 


and stroke of 83 mm» 106 mm, 
giving a swept volume of 3,442 cm‘, 
the engine develops 160 b.h.p. at 
5,200 r.p.m., with a compression ratio 
of 8:1. The maximum b.m.e.p. is 
1401b in*at2,500r.p.m. Analternative 
compression ratio of 7:1 is available. 

A detailed description of the engine 
and gearbox was given in The Auto- 
mobile Engineer, for July, 1950, in 
connection with the XK120 model. 
Briefly, the cylinder block and crank- 
case is an integral structure of chrome 
cast iron, extending down to the 
crankshaft centre-line, with full-length 
water jackets surrounding the bores. 
The seven main-bearing housings 
carry steel-backed, white-metal bear- 
ings having single circumferential 
oil grooves with two feed holes in 
each half-bearing. 


Of En 16, the counterbalanced 
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Flexible 


crankshaft has at its front end a bonded 
rubber type of torsional vibration 
damper which also carries the fan 
pulley. This is pulled up on a taper 
by the starting handle dog, and secured 
by keys. Between the damper and the 
front crankshaft journal are the oil 
seal sleeve, flinger, camshaft-drive 
sprocket and oil pump and distributor- 
drive gear. End thrust is taken on the 
centre main bearing. 

As in the case of the main bearings, 
the big-end bearings are of steel- 
backed white metal. The En 16 
connecting rods have a ;; in diameter 
drilling to feed oil to the small end and 
have a centre distance of 7-75 in. 
Tin-plated, aluminium alloy, solid- 
skirt pistons are fitted and each has 
two compression rings and one slotted 
scraper ring. The gudgeon pins are 
fully floating. 


Three-quarter rear view of chassis 
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coupling in steering column 


Carried in an aluminium alloy 
cylinder head, the valves are set at an 
included angle of 70 deg and seat on 
Brimol inserts in the hemispherical 
combustion chambers. They are 
operated from the twin overhead 
camshafts through the medium of 
cylindrical tappets of chilled cast iron, 
working in cast iron liners in the head. 

Two-row roller chains drive the 
camshafts, the first-stage chain from 
the crankshaft having a blade-type 
tensioner and driving an intermediate 
sprocket. From the intermediate 
sprocket the second-stage chain passes 
around the two camshaft sprockets, 
between which there is an_ idler 
sprocket eccentrically mounted for 
adjustment. Removal and replacement 
of the cylinder head is carried out 
without disturbing the valve timing. 

Included in the lubrication circuit 
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is a Tecalemit full-flow filter, and the 
aluminium alloy sump has a capacity 
of 22} pt. Twin S.U. carburettors 
supply mixture to a six-port, water- 
jacketed manifold having midway a 
balance orifice into which the thermo- 
statically controlled starting carburettor 
delivers mixture. Ignition is by coil, 


with centrifugal and vacuum advance 


mechanism. 


Clutch 
A 10 in diameter Borg and Beck 
clutch is fitted. It is hydraulically 
operated by means of a slave cylinder 
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Arrangement of hypoid bevel rear axle 


mounted on the bell housing, with a 
master cylinder operated by the clutch 
pedal and mounted on a bracket 
attached to the frame. A separate 
hydraulic fluid reservoir is provided, 
adjacent to the brake fluid reservoir. 


Gearbox 

Identical in design with earlier 
models, the gearbox has constant- 
load synchromesh mechanism on top, 
third and second speeds, and provides 
the following ratios:—top 1:1, third 
1-367:1, second 1-982:1, first and 
reverse 3-375:1. The main casing is 


Three-quarter front view of chassis 


of cast iron and carries the first motion 
shaft in a ball bearing. A needle- 
roller spigot bearing supports the front 
end of the mainshaft, the rear end of 
which is carried in a roller bearing in 
the back wall of the main casing. 
The extreme end of the shaft is sup- 
ported in a ball bearing housed in a 
light alloy extension casing. Needle- 
roller bearings are also used to carry 
the third and second speed mainshaft 
gears, and the layshaft assembly. 

A remote control is provided with a 
fairly short and stiff lever, an arrange- 
ment giving a degree of precision and 





Independent front suspension. 
divided drop arm 


certainty in gear changing that, in some 
instances, is lacking in the more 
generally favoured steering column 
control. 


Propeller shaft 


From the gearbox a_ two-stage 
Hardy Spicer propeller shaft with a 
flexibly mounted midship bearing 
transmits the drive to the rear axle 
As shown in the illustration, the mid- 
ship ball bearing housing is supported 
on a coil spring that carries the weight 


—_—_— 


mi ~ 


Elevation and plan of independent front suspension 


Front view showing 
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of the shaft. Vertical and _ lateral 
location is by means of two rubber 
bushes of 38-33 durometer hardness, 
held on necked pegs secured to the 
frame. The %} in bore of the rubbers 
seats on lands at the ends of the pegs 
with an interference fit of 3 in. 
The 143 in outer diameter of the 


rubbers provides an interference of 


in in the flange of the bearing 
housing. It will be evident that the 
assembly provides a measure of con- 
trolled flexibility, dependent upon the 


{ 
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Rear view of independent front suspension showing mounting 


of anti-roll bar 


stiffness of the rubber bushes. This is 
selected so that the natural frequency 
of the mounting is in resonance with 
propeller shaft disturbances at a road 
speed of about 10 m.p.h. 


Rear axle 
Of semi-floating type, the Salisbury 
hypoid bevel rear axle, providing 
a pinion offset of 1? in, has a ratio of 
4-27:1 (11:47). With the tyres specified 
the road speed in top gear is 19-35 
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m.p.h. per 1,000 r.p.m. of the engine 
crankshaft. 

The general layout of this type of 
axle, with a malleable iron centre 
housing into which are pressed the side 
tubes, is now well known. One of the 
major advantages of this construction 
is the lateral support provided for the 
outer races of the differential bearings, 
which butt against continuous surfaces 
in the centre housing. 

Taper-roller bearings are fitted 
throughout, with shim adjustment. 
The hub bearings are pressed on to the 
axle shafts and are located in the ends 
of the axle tubes. Outward thrust 
on a road wheel is taken by the 
adjacent bearing, while inward thrust 
is transmitted to the bearing in the 
opposite hub via a spacer against 
which the inner ends of the shafts abut. 
The axle shafts are 1, in minimum 
diameter and the hubs are secured to 
the shafts by a l-in-12 taper and key. 


Suspension 
Following closely the layout of the 
XK120, the independent front sus- 
pension embodies wishbones and 
torsion bars giving an effective static 
deflection at the wheel of 8-75 in. 
The stub axle carrier, as before, 


articulates on ball joints, but has been 
redesigned to provide a swivel pin 
angle of 8 deg instead of 5 deg, thereby 


reducing the offset resulting from the 
larger section tyre. Zero castor angle 
is provided, and the camber angle 
is 1 deg. 

On account of the forward mounting 
of the engine in relation to the suspen- 
sion assemblies, the anti-roll bar has 
been re-positioned behind the suspen- 
sion and passes through rubber- 
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Arrangement of hand brake over spring-supported midship bearing 


bushed brackets on the underside of 
the frame side members.  Géirling 
direct-acting dampers are embodied. 

Semi-elliptic laminated springs at 
the rear provide an effective static 
deflection of 6 in and are controlled by 
Girling P.V. 7 piston-type dampers. 
An interesting detail is the downward- 
turned eye at the rear end. 


Steering layout 

Forward mounting of the engine 
has also necessitated a new track rod 
layout. Although a three-piece track 
rod assembly is retained, the drop arm 
and idler spindles now carry double- 
armed levers of considerable length, 
namely 12:625in (5in forward of 
the spindles and 7:625in rearward). 
The forward ends are linked by the 
adjustable centre tie rod 31; in 
between ball centres, while the rear 
ends connect with the forward-pro- 
jecting steering arms on the stub 


Arrangement of drop arm damper 


axles by the fixed tie rods 8}4 in 
between centres. 

Although this layout might be con- 
sidered to have appreciable flexibility, 
the transmission of shock to the steering 
wheel is still further reduced by a 
rubber damper in the drop arm, shown 
in the illustration. On the serrated 
end of the drop arm spindle is mounted 
a lever 3-5 in long terminating in a 
housing for rubber “biscuits”. The 
steering lever pivots on the boss of the 
drop arm lever, where a Vandervell, 
graphitc-impregnated, split bush is 
provided. A stepped bolt locating in 
the rearward extension of the lever 
passes through the rubbers and drop 
arm lever, a washer under the bolt head 
compressing the rubbers to the 
required degree. Shocks transmitted 
from the road wheel are thus re- 
duced by the relative movement 
between steering lever and drop arm 
lever, cushioned by the rubber inserts. 


Idler steering arm assembly 
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Frame centre section showing propeller shaft, midship bearing, hand brake and servo 
cylinder 


The steering mechanism itself is of 


the Burman recirculating-ball type, 
and the idler spindle on the opposite 
side is carried in taper-roller bearings. 
At the lower end of the steering column 
is a flexible coupling consisting of a2 
} in thick plate in which are housed 


4 
four rubber bushes. The pins on the 


forks carried on the steering column 
and steering box shaft respectively 


engage with the bores of the bushes. 
A rubber sealing sleeve bridges the 
gap between the column end and shaft. 

At the upper end the steering 
column rotates in a Vandervell, 
graphite-loaded, bronze bush carried 
in a steel housing which is itself 
mounted in a thick rubber bush. 


The column is adjustable for length. 


Frame 

In general, the frame members are 
of 14 S.W.G. material; 10 S.W.G. 
being used for such items as body 
mounting brackets. The side members 
are box section, the minor channels 
being deflected inwards towards the 
front end adjacent to the suspension 
mounting brackets. This front part 
of the frame therefore comprises four 
channel-section members, with a 
closing plate on the underside of the 
narrow triangle formed between the 
diverging side members. A substantial 
box-section cross member closes the 
front end. 
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Bracing the centre of the structure 
is a channel-section X-frame with 
channel-section transverse bracing 
members between the central junction 
and the side members. Through the 
junction passes the first stage of the 
propeller shaft; the midship bearing 
being supported on a bracket bolted 
in the apex of the junction. On the 
right-hand side is an additional sup- 
porting channel for the servo cylinder. 

A box-section arched member spans 
the frame just forward of the rear 
spring anchorage, at which point also 
the separate, upswept, rear sections 
of the side members are welded 
on to the main side members. A 
light, box-section, cross member closes 
the rear end of the frame; welded to 
the downward extending shackle 
brackets. 

Brakes 

Two-trailing shoe Girling brakes 
are fitted at the front, and leading-and- 
trailing shoe brakes at the rear. The 
front brakes are automatically adjusted, 
and the whole system is operated 
hydraulically through the medium 
of the Clayton Dewandre vacuum 
servo cylinder deriving vacuum from a 
tapping at the rear of the induction 
manifold. With this arrangement no 
reservoir is fitted, nor does the system 
operate on the suspended vacuum 
principle. The slave cylinder is 
mounted directly on the rear face of the 
vacuum cylinder. A total braking 
surface of 207 in? is provided. 


Dimensions 
Wheelbase, 120 in; track, front 
56 in, rear 57} in; ground clearance 
7} in; turning circle 36 ft; weight, 
dry 3,696 lb. Tyres, Dunlop 6-70-16. 











Layout of frame 

















January 1952 


AUTOMOBILE 
ENGINEER 


TOUGHENED GLASS 


A Survey of Properties, Manufacture and Application 


ODERN industrial require- 
M ments for materials having 

certain specific characteristics 
whilst withstanding very severe service 
conditions, have resulted in the use of 
glass for a wide range of duties. 
Toughened or ‘“‘Armoured”’ glass has, 
in recent years, been adapted to uses in 
industries ranging from textiles to 
steelworks. The most familiar use of 
toughened glass is as safety glass 
screens or windows in _ passenger 
vehicles. To appreciate the potentialities 
of toughened glass, it is necessary to 
consider the main characteristics and 
properties. This article deals with the 
salient features and describes in broad 
outline the manufacturing process used 
to obtain the special qualities. 


The process 

A suggested definition for Toughened 
Glass is “A glass which has been 
subjected to heat 
treatment whereby 
high compression 
stresses are set up 
in the — surface 
zones and corres- 
pondingly high 
tensile stresses in 
the centre”’. 

Glass is a brittle 
substance because 
of the considerable 
difference between 
the compressive 
strength, which is 
comparatively 
high and the tensile 
strength which is 
low. Breakages 
are nearly always 
due to shock or 
applied loads 
which overstress the surface tension. 
The function of toughening is to estab- 
lish permanently in the glass, a pre- 
determined arrangement of stresses of 
large magnitude, the most important 
characteristic of which is that the 
stresses in the surfaces are wholly 
compressive. It is possible by this 
deliberate prestressing to set up surface 
compressive stresses four times as 
great as the breaking tensile stress. 

An interesting experiment with which 
some readers may be familiar, is the 
production of “‘Rupert’s Drops”. These 
are drops of molten glass which are 
allowed to drip into water. A tear 
shaped particle results, the head of 
which has considerable strength and 
will withstand a heavy blow. The tail, 
however, is extremely fragile and is 
easily broken off. When this is done, 
the whole drop disintegrates entirely 
into a finely powdered glass. Upon 


Fig. 1. A piece of ‘‘Armourplate”’ glass 45 in 


By H. D. Hendrick 


examination it will be found that the 
minute particles are each a_ small 
granule. Further, it is noticeable that 
the granules have not sharp edges or 
points and that the powdered drop may 
be crumpled or rubbed in the hands. 
This experiment is a form of toughening, 
employing the characteristics of thermal 
expansion and contraction, the basis of 
all glass toughening procedures. 
Controlled heating and quenching 
of glass which is described later in this 
article, is similar in operation to the 
quench hardening of carbon steels. 
The change effected in the material 
however, is totally dissimilar as glass is 
amorphous, non-crystalline and has no 
“structure” in the metallurgical sense. 
The effect of glass toughening is purely 
physical and heat treatment at tempera- 
tures below those in the range of the 
glass plastic condition cannot, in any 
way, alter this structureless condition. 


bearing a load of 5-56 Ib weights 
This physical change is dependent 
upon the coefficient of thermal 
expansion and contraction of the 
glass, together with its ability to flow 
or yield readily by small amounts when 
in the plastic range of temperature, 
much below the molten temperature. 
An essential feature of the process is 
that the whole article must be uniformly 
treated, both in heating and quenching, 
to avoid rupture by thermal strain. 
The glass plate or piece is subjected 
to controlled heat until it reaches the 
commencement of the plastic range. 
It is then removed from the heat as 
quickly as possible and rapidly cooled, 
uniformly, over the whole of the surface. 
It will be apparent that at the com- 
mencement of this chilling or 
quenching, the surface of the glass 
cools and sets rigid. As glass is a poor 
conductor of heat there is a compara- 
tively long time lag before the heat in 


10 in « 4 in thick as a simply supported beam, 


the interior is dissipated. The inside 
is therefore, still sufficiently hot to be 
plastic whilst the surface solidifies ; 
the plastic section follows the continued 
contraction of the glass as it cools. 
Throughout the chilling process, there 
is a difference in temperature between 
the surface and the interior. In the 
initial stages the plasticity allows the 
inner glass to yield to the contractions 
of the solidifying outer skin so that 
whilst there is still a big difference in 
temperature, there is not, as yet, any 
strain between inside and outside. 
Eventually however, all sections must 
arrive at the same temperature. The 
outer skin cools to atmospheric tem- 
perature and ceases contracting, whilst 
the inside tries to continue contracting 
as the temperature lowers through the 
thickness of the glass. As it is, and 
must remain, firmly attached to the 
outer skin, this contraction is resisted 
so that the inside 
is in a state of 
tension. Glass, 
like all plastic 
materials, is de- 
formed elastically 
by the application 
of a load. The 
inner tension 
therefore, loads 
the surface with a 
balancing com- 
pression. 


Properties 

When the 
toughening pro- 
cess is uniformly 
controlled it is 
possible to pro- 
duce surface com- 
pressive stresses 
approximately four times greater than 
the tensile stress which would be 
sufficient to cause fracture in an ordinary 
annealed glass. An example of the 
properties of toughened glass is given 
by “Armourplate”’.* This has surface 
compressive stresses in the order of 
20,000 lIb/in?. The surface tensile 
strength of the glass itself is about 
5,000 Ibin*. It follows therefore, 
that it is necessary to produce an 
apparent surface tensile stress for 
example, by bending, of a load about 
25,000 Ibin® before final rupture. 
Normally the allowable working stress 
of a good quality toughened glass is 
four to five times that of an annealed 
plate glass, namely, from 6,000 to 
6,500 lb in?. Under favourable condi- 
tions the allowable stress may be 
much higher. 

Toughened glass has considerably 
* Registered trade mark of Pilkington Bros. Ltd 








Fig. 2. 


greater flexibility than annealed glass 
of the same thickness. The modulus 
of elasticity of the glass is not altered 
by toughening and it is possible to 
load the glass in the form of a simply 
supported beam until it shows four or 
five times as much deflection as that 
possible in ordinary annealed plate 
glass. A typical example of this is 
given in Fig. 1. 


Shock loads 

Considerable shock loads are taken 
by toughened glass ; a typical demon- 
stration is to drop a steel ball weighing 
1 lb 11 oz, from a height of 8 ft or 
more upon a plate which is supported 
upon two sides only, as shown in 
Fig. 1. (Under similar conditions a 
drop of 15 in to 18 in is sufficient to 
break ordinary annealed glass of the 
same size and thickness.) 

It will withstand local heat and 
thermal shock several times as severe 
as that which would shatter ordinary 
glass. For example, it may be heated 
to 250 deg C, and then quenched with 
cold water. In addition, toughened 
glass will withstand high stresses 
through a wide temperature range ; 
One test was from minus 70 deg C, up to 
plus 295 deg C, without any deteriora- 
tion in strength. This resistance is 
due to the fact that it is difficult to give 
any thermal treatment which will 
reverse the pre-stressed condition re- 
sulting from the toughening process. 

If toughened glass is heated in service 
to a sufficiently high temperature, it 
will again approach the plastic condi- 
tion. The existing deliberately high 
stresses will then be relieved by a 
mutual yielding of the tensile and 


*‘Armourplate’’ glass after fracture during the ball test 
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compressive zones, 
reverting to the 
untoughened con- 
dition. The tem- 
perature above 
which this occurs 
noticeably is a few 
degrees below 300 
deg C, and the 
glass usually 
breaks on cooling. 


Safety features 

Toughened 
glass retains the 
feature of ordinary 
glass by being 
unable to survive 
beyond its elastic 
limit; unlike 
metals it is not 
able to delay frac- 
ture by deformation. The internal 
store of elastic strain energy does 
however, give a “safety fracture” 
when the glass is broken. Failure at 
any point in a piece releases this strain 
energy by breaking down the stress 
arrangement, the energy then expending 
itself into shattering the whole piece 
into remarkably small granules. The 
granules do not readily fall apart, as 
shown in Fig. 2, and there is an absence 
of sharp edges or splinters on the small 
pieces. 

This feature has resulted in the 
adoption of certain types of toughened 
glass as a safety glass, covered by 
3ritish Standard Specification No. 857. 
One specified condition is that there are 
a minimum number of granules, 
dependent on the thickness, to a unit 
area when the glass is disintegrated. 
A characteristic example of this is 
shown by Fig. 3. 


Cutting or working 

Toughened glass must net be cut, 
ground, drilled or otherwise worked. 
Any attempt at this after toughening 
will most certainly release the strain 
energy, causing immediate disintegra- 
tion. The glass must be cut to shape, 
bevelled, drilled, etc., before the 
toughening process. Toughened glass 
cannot be supplied 
with the edges as 
cut, the normal 
edges being:— 
i arrissed or 

smooth arrissed 
ii ground 
iii round polished 
iv flat polished 





Glass 
thickness 


Minimum 
diameter 


Maximum 
diameter 





# in to 2 in 


2 in to $ in 


Not less than half 
the thickness 


Over } in 


Not greater than 
of the width 
of the plate 
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Glass bevels of any width up to 
half-inch can be toughened, but the 
thickness remaining at the edge must 
be not less than one-eighth inch. 

For drilling, there are certain limits 
to the size of hole which can success- 
fully be produced. These limits are 
usually accepted as given in the 
table at foot of the page. 

Care must also be taken with regard 
to the position of holes. Where a hole 
is drilled near the edge of a plate, the 
width left between the edge of the hole 
and the edge of the glass must be 
at least equal to the thickness of the 
plate. A hole drilled near a corner 
should not be nearer than six times the 
thickness. Where two or more holes 
are required close together, the distance 
between must not be less than four 
times the plate thickness. Square 
corners for holes or notches are not 
permissible and the minimum radius 
of corners must be equal to the thickness 
of the plate. 

It will be noticed that most pieces 
of toughened glass have small indenta- 
tions or “dimples” along one edge. 
These are grip marks made by sup- 
porting toggles, which are described 
later in this article. The dimples are 
usually kept as close as possible to the 
edge and are covered by the supporting 
frame when the glass is in use. 


Manufacturing equipment 

It has been emphasized earlier in this 
article that uniformity of treatment is 
most necessary in the toughening 
process. Close control, preferably 
automatically operated, is therefore 
essential. The most convenient method 
of supporting the glass is to hang the 
plate vertically to ensure that both sides 
are equally treated. Toggles for 
supporting the glass are a small but 
very important part of the equipment. 
Often the cause of faults or failures may 
be traced to the method of suspension. 
The toggles are fitted with a small 
projection to grip the glass. Various 
types of toggles are in use, the simplest 
being in the form of an_ inverted 
““U” type spring, fitted with a collar 
which may be moved downwards 


Fig. 3. An actual size reproduction of the characteristic disintegra- 
tion of toughened glass into granules when broken 
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forcing the ends of the ‘“‘U”’ together. 

A more complicated toggle but one 
which has proved highly successful, 
is the lattice tong or scissors type, 
where the weight of the glass causes the 
projections to tightly grip onto the glass. 
Whatever the method of gripping, it 
is essential that the toggles are as free 
as possible where supported on the 
toggle bar or carriage as there will be 
differences in the thermal contraction 
and expansion of this bar and the glass. 
Any resistance to this expansion or 
contraction will cause the glass plate to 
bend when in the plastic condition. 
Where the plate is bent or curved 
before chilling, the toggles must be 
free to swivel. In the design of toggles, 
provision should be made for as much 
adjustment as possible and a nickel 
chromium steel should be used to 
minimize oxidation when subjected 
to heat. 

Furnace 

The heating or ‘‘cooking’” of the 
glass is a most important part of the 
process and furnaces are designed to 
meet the special and rather stringent 
requirements. Electric furnaces are 
most successful owing to their inherent 
cleanliness and complete absence of 
products of combustion, effective auto- 
matic control, and above all, the rapid 
and uniform heat transfer possible from 
resistance heating elements. 

Most toughening furnaces are of the 
batch or intermittent type, that is, one 
batch of glass is charged, heated and 
discharged before the next enters the 
furnace. For large scale production 
there are long horizontal furnaces 
through which the glass progresses slow- 
ly passing through regulated heating 
zones to the discharge end from which 
they are rapidly transferred to the 
chillers. The intermittent furnaces 
may be divided into four types :— 

(a) Horizontal double ended, where 
the glass enters at one end and is 
discharged at the other. 

Horizontal single ended, the glass 
being charged and _ discharged 
from the same end. 

Vertical top loading, the glass 
being lowered into the top of the 
furnace and lifted out through the 
same opening. This type of furnace 
is usually in a pit. 

Vertical bottom loading, where the 
furnace is supported above the 
chillers and the operation is the 
reverse of that described in (b). 

On types (c) and (d), the loading 
and unloading is usually on the same 
level as the chiller gear, a horizontal 
track being provided at one or both 
sides to take a trolley carrying the toggle 
bar. The furnaces are basically, two 
radiant panels one on each side of the 
glass, the panels being controlled 
within close temperature limits across 
the area. It is also most important that 
the temperature and heat transmitted 
from each side is equal. In electric 
furnaces, heating elements are usually 
either of nickel chromium wire or 
strip, the former being in the form 
of a coil, the latter arranged in a sinuous 
pattern. Coiled wire heating elements 
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are housed in 
refractory bricks 
forming the side- 
walls, these prefer- 
ably having open 
grooves or slots 
to contain . the 
elements and per- 
mit free dissipa- 
tion of heat to 
the chamber. Strip 
elements are hung 
upon special sup- 
ports fixed to the 
furnace wall. On 
some furnaces, it 
is necessary to 
have additional or 
auxiliary heating 
elements in the 
base of the cham- 
ber. To ensure 
a long operational 
life of the heating 
elements, these are 
often fed from a 
low voltage supply 
enabling the use of 
a heavy gauge wire 
orstrip. Consider- 
able care must be 
taken in the design 
of elements as a 
high rate of heat 
transfer is essential 
to bring the glass 
into the plastic range so quickly that 
the plate may be removed before 
deformation or ‘“‘dropping”’ takes place. 
The dissipation of heat from the surface 
of the element must be sufficiently 
high to give this rapid transfer but 
at the same time care must be taken that 
the element is not over-rated, reducing 
the service life. 

To ensure the necessary temperature 
uniformity, the elements are graded 
from top to bottom of the sidewalls 
to give a predetermined input. Heating 
elements are also “‘zoned” or divided 
into banks, each independent and auto- 
matically controlled. This arrangement 
provides for fluctuating conditions 
such as momentary heat losses through 
an open furnace door and differing 
shapes and sizes of glass. In order to 
give a rapid recovery of furnace cham- 
ber temperature when a fresh plate of 
glass has been inserted, some form of 
voltage regulation is an advantage 
The most satisfactory method is a 
proportionate or ‘‘floating’’ controller 
which automatically operates a variable 
voltage regulator transformer. This 
increases the voltage to heating elements 
when the temperature has fallen, and 
consequently a fine degree of control 
is obtained. 

Furnace linings are usually of a hot 
face insulation which has a low density, 
thereby having a reduced heat content. 
This is advantageous for quick heating 
up as less heat is required to soak the 
furnace brickwork to stable conditions. 
On the other hand a dense. refractory 
lining which absorbs considerable heat 
acts as a reservoir to maintain a thermal 
balance in the furnace chamber. In 
all furnaces the lining is backed by an 


Fig. 4. A glass screen on a charging machine for an electric furnace 
at the Works of the English Steel Corporation Ltd. 


insulation, usually calcined diatomace- 
ous earth, to minimize heat losses by 
radiation and convection from the 
outer face. 


Chiller gear 

Uniformity in chilling or quenching 
is just as important as in the heating 
process and excessive variation in the 
application of the cooling medium across 
the area of the glass will shatter the 
plate. Various methods have been 
employed and discarded, including oil 
quench tanks into which the glass is 
quickly immersed to panels of carbon 
dioxide refrigeration. Forced convec- 
tion by the use of cold air to remove 
the heat from the hot glass is now 
universally adopted. Continental 
manufacturers generally use high pres- 
sure fans blowing directly through a 
funnel-shaped distributor on to the 
face of the glass. In this country and 
in America, compressed air is usually 
preferred, especially in the manufacture 
of safety glass for use in passenger 
vehicles. 

Where compressed air is used, the 
chiller frame is usually in the form of a 
vertical battery of small bore pressure 
tubes on each side of the glass, fed 
from two main headers. The small 
bore tubes have, at a predetermined 
pitch, very small holes drilled so that 
numerous jets of air at a high velocity 
are directed simultaneously on both 
sides of the glass. To provide the 
necessary turbulence and ensure that 
all the surface is equally treated, the 
chiller frames are agitated during 
blowing. There are various methods of 
agitation, some of which are patented, 
the most commonly employed being 








as follows :— 

(1) Oscillating type, where the vertical 
frames are rotated in the vertical 
plane by the use of an eccentric or 
cranked drive. On this type each 
jet travels rapidly in a complete 
circle. 

Linear type, the frames being 
made to move to and fro in either 
the vertical or horizontal plane. 
Stationary frame type, where the 
individual pressure tubes are 
moved through an arc in either 
vertical or horizontal plane, or 
alternatively, rotating jets are 
employed. 

It will be noted that any of these 
methods provides a distribution of the 
air jets over the glass surface, the 
arrangement described under (1) being 
the most effective. The time taken 
between removing the glass from the 
furnace, to the initial quench must be 
kept to a minimum, preferably of the 
order of five seconds. To give instan- 
taneous operation of the chillers when 
the glass is in position, a quick action 
solenoid valve is usually ‘incorporated 
in the air line so that the compressed 
air is automatically and immediately 
released to the chiller frame when the 
glass enters this section. A similar 
operation is used to switch on the drive 
gear for agitating the chiller frames. 


Air compressors 

The compressor normally used for 
producing cooling air is the two stage 
double acting type which has one low 
pressure cylinder in which the air is 
compressed to an intermediate pressure, 
passing through an intercooler before 
entering the final high pressure cylinder. 
An after cooler is usually provided to 
reduce the delivered air temperature 
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and thus free it from the oil and moisture 
which would be detrimental to the 
process. 

On intermittent plants the chiller 
operates, usually between eight and 
sixteen times per hour ; for continuous 
plants the number of operations are 
correspondingly increased. It will be 
evident that the requirements for air 
demand a large capacity for short 
periods; it follows therefore that 
the compressors must be large enough 
to provide sufficient air required in a 
specified time and receiver capacity 
sufficient to store this air when the 
chiller is not in operation. Sufficient 
air receiver capacity is most important. 
It is essential also to ensure that air 
mains are large enough to give the rate 
of air flow required during the blowing 
period. To reduce the amount of large 
diameter air mains, it is preferable that 
the compressor is placed as near as 
possible to the chiller frame, In 
addition it is usually necessary to fit 
an oil and moisture separator close to 
the chiller frame to take care of any 
condensation which may have taken 
place in the air mains after the air has 
left the receivers. 


Present and potential applications 
of toughened glass 

The high resistance of toughened 
glass to impact and thermal shock has 
opened up many new fields of applica- 
tion where ordinary annealed glass 
could not be used. Safety glass to 
British Standard Specification No. 857 
is used extensively in passenger vehicles 
including public transport. The Board 
of Trade now permit ‘“armourplate”’ 
glass for port holes, etc., in certain 
parts of ships where normally, very 
thick polished plate glass was necessary 
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to withstand the terrific pressure of 
wave shock. 

Resistance to thermal shock has 
extended the field to commercial and 
domestic applications. A recent innova- 
tion is the fitting of toughened glass 
doors to gas and electric ovens so that 
the cooking or heat treatment process 
may be observed without wasting heat 
by opening the doors. This resistance 
to heat is also useful for table or counter 
tops in restaurants and canteens, or 
for drying tables in chemical plants. 
Toughened glass is extensively used to 
counter thermal shock in high powered 
floodlighting and similar applications. 

In addition, toughened glass in various 
forms, has been used with considerable 
success, for example, as glasses for 
meters, machinery guards, catering 
cooking ranges, hospital trolleys, 
miner’s cap lamps, roof and pavement 
lenses and doors. Many other possible 
applications will be evident to designers 
requiring a robust material offering a 
clear vision or permitting the filtration 
of light. 

One typical industrial application 
is shown in Fig. 4. This shows a glass 
screen on a charging machine for an 
electric furnace at the works of The 
English Steel Corporation Ltd., 
Sheffield. The screen gives the driver 
complete protection against splashes 
of molten metal and at the same time 
gives a clear, undistorted view of the 
furnace. 

In conclusion the author wishes to 
express grateful acknowledgment to 
Pilkington Bros. Ltd., for much of the 
information contained in this article 
and for the use of photographs, to 
James Royce Electric Furnaces Ltd., 
and Broom & Wade, Ltd., for technical 
details on manufacturing equipment. 
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INDEPENDENT REAR SUSPENSION’ 


Potential Advantages and Requirements 


NDEPENDENT front suspension 
serves mainly to permit softer 
front springing without incurring 

the corresponding disorders. Inde- 

pendent rear suspension (I.R.S.) has 
quite different potential advantages. 

They are:— 

(1) Reduction in unsprung weight 
and, hence, an improved ride. 
Better road-holding when corner- 
ing or braking. 

(2) Absence of propeller-shaft torque 
effect and therefore improved 
traction in extreme conditions, 
as with low gear and full throttle. 
Elimination of the difference in 
handling as between left-hand 
and right-hand corners taken 
under power. 

Elimination of various hops, 
shakes and tramps of the rear 
axle, and reduction of others. 

(4) Reduction of sideways push with 
single-wheel bump or rebound at 
the rear end, and consequently, 
of rear-end steering effects. 

(5) Better utilization of space at the 
rear of the car. 

These advantages are not conferred 

automatically by the adop- 

tion of independent rear 
suspension: they have to be 
striven for, and it is most 
important that the designer 
should keep his aims clearly 
in mind. Some of the 
advantages may be obtained 
also with rear axles of the 

De Dion type. 

The orthodox rear-axle 
layout, with semi-elliptic 
springs and Hotchkiss drive, 
is certainly less expensive 
at present and it is difficult 


axle” centre where the axis crosses the 
plane of the rear wheels, so that varia- 
tion is possible both of the “swing- 
axle” effect and of the height of the 
pivot centre. Lack of coincidence of 
the pivot point and the centre of the 
inboard universal joint implies 
“pumping” of the splined extension 
joint of the side shafts under bump and 
rebound, with additional friction in the 
suspension, particularly when torque 
is being transmitted. 

In the swing axle rear suspension of 
the 3-litre Mercedes, normal resilience 
is provided by coil springs bearing on 
top of the half-axles, but each wheel 
is coupled also, by a long arm visible 
in Fig. 2, to a fore-and-aft torsion bar. 
The forward ends of the torsion bars 
are free under light-load conditions, 
the upstanding levers being clear of 
abutments. *Under full-load condi- 
tions, however, the abutments are 
brought into contact with the levers 
by the operation of an electric motor 
and intermediate gearing and screws. 
The swing axle is pivoted within 
about the first quarter of the distance 
between vehicle centre-line and wheel 





to see how the price differ- 
ential could be eliminated 


because the coil springs or torsion bars 
usually provided are lighter, for a 
given duty and stress, than leaf springs. 
Moreover, less of their weight is 
unsprung. For a car weighing about 
30 cwt unladen, the unsprung weight 
of the rear axle and appropriate parts 
of the semi-elliptic leaf springs and 
propeller-shaft was 195 lb per wheel. 
This figure compares with unsprung 
weights of 95 lb per wheel for I.R.S. 
and 111 Ib per wheel for a De Dion 
axle incorporating torsion bar 
springing. In both examples the use of 
inboard brakes accounts for a saving 
of 35 Ib per wheel. Reduction of 
unsprung weight results in a superior 
ride, and better road-holding on 
corners and during braking, because 
improved contact is obtained between 
road and wheels. 

The figures tend to exaggerate the 
gain, however. The 195 Ib of the 
more orthodox suspension applies to 
parallel lifting of the whole axle: 
the effective unsprung weight for 
single-wheel bump may perhaps be 
10-20 per cent lower, k? for the 
axle being considerably less than the 

square of the _half-track. 
Furthermore, the effective 
unsprung weight for an 
I.R.S. with swing-axle effect, 
allowing for angular 
acceleration, may in the 
worst case be roughly 8 
per cent more than the 
actual unsprung’ weight 
cited. Approximately, this 
addition is inversely pro- 
portional to the square of 
the effective swing-axle 
radius. 

Apart from reducing un- 
sprung weight, inboard 
brakes are easier than out- 
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board brakes to keep cool 
and are therefore less liable 
“fade”. With them, 
mechanical operation for the 
hand brake is simpler to 
arrange and is unaffected 


Drive unit 
Inboard brake drum 
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and simplification of in- 
dependent-suspension — sys- 
tems. Of advantage to the 
orthodox rear-axle layout 
also is the accumulated 
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Fig. 1. Independent rear suspension of 24-litre Lagonda 


knowledge of its problems 
and their solutions or palliatives. 

Fig. 1 shows the independent rear 
suspension of the 2}-litre Lagonda 
which, like the Lancia Aurelia, has a 
pivot axis intermediate between fore- 
and-aft and traverse. Such a skew 
axis has an effective pivot or “‘swing- 


*Précis of a paper presented by D. Bastow, 
B.Sc.(Eng), M.I.Mech.E., to the Institution of 
Mechanical Engineers in November, 1951. 


and, like a skew axis that is parallel 
to the ground, has no steering effect 
on bump and rebound. 


Unsprung weight 
Both independent rear suspension 
and the De Dion rear axle permit 
unsprung weight to be_ reduced, 
principally because the driving unit 
is mounted on the frame but also 


by relative movement be- 
tween wheels and vehicle. Loads on 
the suspension linkage during braking 
are much reduced. If brake hop is to 
be avoided, limitations are imposed 
on the form of linkage that can be used 
with outboard brakes. A reasonable 
diameter of inboard brake drum can 
be accommodated, despite the need to 
maintain adequate ground clearance. 
Incidentally, the drive casing of a 





car having I.R.S. or a De Dion axle 
can drag in soft, rutted ground without 
great loss of adhesion. 


Rear-axle misbehaviour and 
propeller-shaft torque effects 


Motions to which the normal rear 
axle is subject include parallel hop, 
with associated fore-and-aft move- 
ments and torque wind-up and from 
which are derived brake and power 
hops; and tramp, with associated yaw 
and sideways shake. As one wheel in 
an I.R.S. can affect the other only 
through the sprung mass, it seems 
likely that tramp and yaw can be 
eliminated and sideways shake reduced, 
but vibration problems have to be 
considered carefully. Brake and power 
hop are eliminated. 

For a car with a rear axle, the 
propeller-shaft torque causes a differ- 
ence in the weight carried by the two 
rear wheels of the order of | per cent 
at a steady speed of 50 m.p.h. and 
possibly 5-13 per cent with full torque 
in bottom gear. Although the maxi- 
mum loss in adhesion of any one wheel 
is only about 3-6 per cent, therefore, 
the tendency to rear-wheel slipping, 
either sideways or rotationally, seems 
to be less for a car fitted with I.R.S. 
than for one with the normal rear axle. 


Possibly the improved “‘feel”’ is due to 
reduced unsprung weight and corres- 
ponding reduction of variations in 


road reactions, rather than to the 
elimination of the  propeller-shaft 
torque effect itself. 
With the normal 
weight transference resulting from 
propeller-shaft torque, equal and 
opposite at the two ends of the car, 
itself produces an oversteering ten- 
dency on a right-hand corner and an 
understeering tendency on a left-hand 
corner. This effect can be neutralized 
by the use of a torque arm offset from 
the vehicle centre-line, but at the cost 
of unpleasantness during heavy braking. 


rear axle the 


Sideways movement of car 
due to one-wheel bump 
The roll centre of the 

normal rear axle being above 

the ground, the tyre-points 
contacting the road are 

displaced sideways, Fig. 3, 

when one wheel of the rear 

axle is raised by passing 
over an irregularity of the 
road surface. As the axle 
assembly has sideways in- 
ertia, and as there is flexi- 
bility of attachment of the 
axle to the frame, the height 
of the effective pivot centre 
is intermediate between that 
of the geometric roll-centre 
and the axle’s centre of 
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gravity. The sideways displacement 
of the tyre is associated with a road 
reaction acting against the rear-end 
inertia and. moving the car sideways in 
the direction reducing the tyre drift 
angle. The rear steering effect can 
be marked. 


g. 3. Sideways movement of contact 


points’’ with single wheel bump 


With an I.R.S. having a roll-centre 
above the ground, however, only one 
tyre cannot point is displaced sideways 
and the associated side reaction is 
resisted by the other tyre as well as 
by inertia. If there were no inertia 
the rear-end movement of the car 
would be only half the contact-point 
displacement, so that the two tyres 
would have equal drift angles, but 
inertia reduces the rear-end movement 
to less than half. Neglecting the 
difference in inertia effects, Fig. 4 
compares the half-displacement of one 
tyre in I.R.S. with the mean displace- 
ment of the two tyres on a rear axle 
but the values are doubled to denote 
respectively the whole of the single 
displacement and the sum of the two 
displacements). The rear axle selected 
typifies present-day practice, and the 
independent suspensions have similar 
heights of pivot centre. Sideways 
push is reduced by lowering the roll- 
centre, and is influenced also, normally 
to a lesser extent, by any steering 
tendency of the rear wheels associated 
with wheel movements. 


Fig. 2. Rear suspension of 3-litre Mercedes 
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It is undesirable to counteract the 
sideways displacement by causing the 
wheel to steer outwards as it moves 
toward bump, because: (a) although 
the drift angle is decreased on move- 
ment towards bump, it is increased on 
reverse movement; (b) it gives an 
oversteering tendency; and (c) varia- 
tion in standing height with load must 
produce toe-in or toe-out in some 
conditions, and consequent wear 
of tyres. 


Better space utilization at the rear 

Frames have to be “kicked-up”’ to 
clear the rear axle and propeller-shaft 
in the full-bump position. With 
I.R.S., however, a frame close enough 
to the centre-line can pass under 
the drive shafts, and wheel-bump 
causes no corresponding lift of drive 
casing and propeller-shaft relative to 
the frame and body. Secondly, the 
propeller-shaft being fixed, engine 
and pinion axes can be made to point 
downwards at equal angles, as in the 
Lagonda, retaining constant angular 
velocity at the pinion. When a pro- 
peller-shaft moves with wheel-bump, 
engine and pinion axes need to be 
parallel. Again, the gear-box and 
clutch may, without increasing un- 
sprung weight, be positioned on the 
final drive unit under the rear seat, 
in order to remove the hump from the 
front floor. This system is employed 
in the Lancia Aurelia. 

Figs. 5 and 6 show how seat and 
boot layout can be modified to secure 
the additional accommodation that 
I.R.S. permits, the seat height above 
ground and the rear overhang to 
accommodate the spare wheel being 
unaltered. Setting the rear seat back 
over the wheel axle may be justified 
by the absence of rhythmic disturb- 
ances of the rear wheels and reduced 
unsprung weight. Seat and rear 
floor are low, and no propeller-shaft 
tunnel is necessary. The rearward seat 
position is possible only if the 

desired width of seat can be 
accommodated without re- 
sort to excessive rear track. 
For a given wheel track, 
the swing axle allows rather 
less distance between wheel 
arches than would an axle, 
but when the instantaneous 
pivot centre moves to the 
plane of the opposite wheel, 
the distance between wheel 
arches is greater than with 
an axle. 

Whatever the design, an 
I.R.S. allows a lower boot 
floor-level. As illustrated, 
the boot floor is 4 in lower 
and the additional volume 
of boot thus obtained more 
than compensates for the 








TaANuARY 1952 


loss in volume due to the 7 in rearward 
displacement of the seat. It is assumed 
that the floor of the boot must be flat. 


Requirements for acceptable 
handling characteristics 

Certain cars with swing axle or 
parallel-motion I.R.S. have shown 
pronounced oversteer and a tendency 
to unexpected “break-away” at the 
rearend. On British roads, with many 
corners, less understeer is desirable 
than in a country where long straights 
and fast corners predominate. Exces- 
sive understeer means hard work. At 
slight yaw angles, the centre of lateral 
pressure of a relatively streamlined 
shape, without a tail fin, is far forward 
and introduces an oversteering ten- 
dency on fast corners. Whatever the 
degree of understeering desirable, it 
ought to increase progressively with 
increase in sideways acceleration, and 
rather more rapidly at extreme 
accelerations to give warning when 
break-away is about to occur. The 
converse characteristics can be most 
unpleasant. Break-away is influenced 


by bump and rebound buffers, and by 
the effect of traction which, reducing 
the cornering power of tyres, can be 
used to produce rear end break-away. 

The handling characteristics of a 
car depend, under steady conditions, 
upon weight distribution; front and 


rear roll stiffnesses; heights of roll 
axes at the planes of the axles; extent 
to which the wheels roll with the 
car, and their normal attitudes or 
camber angles; the geometrical roll- 
steer characteristics; and tyre pressures. 
Handling characteristics for steady 
conditions can be calculated, given the 
tyre characteristics and appropriate 
information about the car. Fig. 7 
depicts the calculated steering charac- 
teristics of a car weighing 33-7 cwt 
as tested and having front and rear 
weight distribution of 49-51 per cent, 
normal rear axle with roll centre 
10} in above ground, independent 
front suspension and front anti-roll 
rod. An understeer angle of 2} deg 
at a sideways acceleration of 0-5g is 
reasonable, as is the form of the 
curve. Fully laden, the car would 


Fig. 5. Rear layout—car with I.R.S. 
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05 10 15 20 
Sideways movement -in 


———1.R.S.—instantaneous centre in plane of other 
wheel and 13°5 in high 
1.R.S.—swing axle 

Rear axle—sum of sideways 
two wheels 

Thick line—fully laden 

Thin line—driver and one passenger 


Fig. 4. Sideways movement of ground 
contact ‘‘point’’—I.R.S. and rear axle 


movements of 


exhibit neutral steering throughout 
the range of sideways acceleration, 
but understeering can be restored by 
extra inflation of the rear tyres. 

Olley has indicated ways by which 
an I.R.S. can be designed with the 
height of roll-centre and the position 
of the instantaneous centre of the 
suspension linkage independently 
variable. In cornering, roll-centre 
affects the weight transference, and the 
instantaneous centre of the linkage 
determines the extent to which the 
wheels roll. Tyre deflection and the 
“spragging” effect of the swing axle 
linkage (tending to lift the rear of the 
car because there is greater sideways 
force on the more heavily loaded outer 
tyre) being neglected, a linkage instan- 
taneous centre on the car centre-line 
leaves the wheel angles unchanged in 
relation to the ground as the car rolls. 
An instantaneous centre at infinity, 
however, implies that the wheels will 
retain the same angle relative to the 
car, rolling with it. Wheels that roll 
with the car develop camber thrust 
outwards and so tend to oversteer. 
The “spragging” effect, characteristic 
of swing axles, also results in outward 
camber thrust. 

A car with a swing-axle suspension 
arrangement having high roll centre 
and without anti-roll rod, but other- 
wise as in the example treated in 
Fig. 7, has undesirable steering 
characteristics with pronounced over- 
steer at a sideways acceleration of 
0-5g. Calculated curves, both for a 
similar layout having an initial negative 
camber of 2 deg on each rear wheel, 
and also for a parallel-action inde- 
pendent suspension with rear roll- 
centre 6 in above ground, have this 
same undesirable feature, oversteering 
being about | deg at 0-5g. In Fig. 8, 
however, in which are shown steering 


characteristics of a similar car fitted 
with front anti-roll rod and having 
rear roll-centre 9 in above ground 
(giving approximately the same roll 
angle as a rear axle with roll-centre 
of 10} in above ground), at least two 
of the curves for various positions of 
instantaneous centre are acceptable. 
Instantaneous centres are at dis- 
tances, measured from a wheel plane, 
of 3 track (A); } track (B); ? track (C); 
in plane of other wheel (D); twice 
track (E), and infinity (F). Evidently 
satisfactory handling characteristics 
can be obtained without difficulty, 
but understeering in the curve for 
parallel motion drops away at sideways 
accelerations above 0:25g. For given 
roll-centre height, less swing-axle 
effect (angularity) implies less under- 
steering. 

Fig. 9 shows, for the car assumed, 
and with front anti-roll rod, the locus 
lines of linkage instantaneous centres 
for given understeer angles at 0-5g. 
A linkage instantaneous centre nearer 
to the wheel allows a higher roll-centre. 
Although the position of the locus 
lines must vary with the design of 
the car, the form of Fig. 9 holds in 
general. The extra sideways camber 
thrust for wheels which lean over 
further with the car must be compen- 
sated by less weight transference, if 
the drift angle of the rear tyre is to 
be maintained. 

Since additional load tends to give 
oversteer, a reasonable amount of 
swing-axle effect should aid in pre- 
serving acceptable steering character- 
istics throughout the load range, 
because it tends to give negative 
camber which reduces oversteer as 
load is increased. The swing-axle 
radius needed to produce given camber 
change must vary with the stiffness 
of the rear springs, which determine 
the change in height for a given change 
in load. 

The foregoing calculations were 
based upon pre-war tyre character- 
istics; present-day tyre constructions 
and wider rims have altered tyre 
characteristics but their general form 
is similar. 


Fig. 6. Rear layout—car with orthodox 


rear axle 
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—— Steering angle 
—- Front drift 
Rear attitude angle 
Roll angle 


Fig. 7. Calculated steering characteristics ‘of 
basic car with rearaxleandfront anti-roll rod 


Concluding observations 

With I.R.S. there is, on the one 
hand, reduced tendency to roll be- 
cause the effective spring track is 
equal to the wheel track; on the other 
hand, increased tendency to roll 
results from the absence of the 
stiffening effect of half-elliptic leaf 
springs in twisting and _ sideways 
bending, claimed to be a 50 per cent 
increase. For a car with a rear track 
of 57 in and 44 in spring centres on 
the axle, however, the net effect is a 
reduction of roll which, as calculated 
for I.R.S. and anti-roll rod, varies in 
straight line fashion between 6} deg 
and 4} deg at 0-5g, with rear roll- 
centre between ground level and 15 in 
above ground. A rear-axle layout of 





Fig. 9. 


sideways acceleration 


equal roll-centre height rolls approxi- 
mately } deg more at 0-5g sideways 


A car with I.R.S. could 
14-1?) in 
the same 


acceleration. 
have its rear roll-centre 
nearer the ground for 
roll angle. 

Reduction of unsprung weight, and 
of the tendency to hops, tramps, and 
shakes, implies greater freedom in the 
choice of damping characteristics for 
a comfortable ride. While the ride 
on bad roads can be excellent, however, 


Locus lines of position of instantaneou 
to give equal understeer angles—basic car wit! 
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little bumps are sometimes brought 
into prominence with I.R.S., possibly 
because their effects are absorbed less 
by the tyres when unsprung weights 
are low. This stresses the importance 
of reducing friction to a minimum in 
the suspension linkage. 

The desirability of allowing wheel 
movement between bump and rebound 
positions that shall be in keeping with 
the low spring-rates now sought, 
especially at the rear in view of the 
load variation, does not always seem 
to be appreciated. The noise of the 
final drive gears, mounted on the 
frame, can be made inaudible if they 
are accurately cut, rigidly supported, 
and flexibly mounted. There is no 
reason why I.R.S. should be less reliable 
than an orthodox rear-axle suspen- 
sion. Rubber bushes have the advan- 
tages of requiring no lubrication and 
of reducing static friction in the linkage 
and the transmission of road noise to 
the body. They contribute spring 
rate without adding to load-carrying 
capacity, however, and care must be 
taken to avoid excessive stresses in the 
suspension springs themselves. 

For the universally jointed side- 
shafts, the simple, reliable, and in- 
expensive Hooke’s joint is desirable. 
It is eminently suited to the parallel- 
motion type of suspension, with which 
it gives constant angular velocity at 
the wheel. It is suitable for the 
De Dion axle, and has also proved so 
for suspensions with swing-axle effect 
provided the differential axis is in 
line with the wheel axes in plan view. 
A joint need be used only at the inner 
end ‘vith the swing-axle type proper. 
Any departure 
from alignment 
in plan view im- 
plies much greater 
variation in angu- 
lar velocity with 
up-and-down 
wheel movement. 
It may amount, 
for example, to 
1 deg for a 3 in 
rebound if the 
differential axis is 
4 in out of line 
with the wheel 
axes. In _ these 
circumstances the 
Hookes’ joint is satisfactory only for 
one condition of load, but a constant- 


s centres of linkage 
IL.R.S.—at 0-5g 


velocity joint having the qualities of 


cheapness, reliability, reasonable size, 
and of being self-sustaining and in 
balance both when in line and when 
angularly displaced, does not seem 
to exist. 

Frame members as wide apart as is 
now customary must have kick-up 
to clear the universally jointed drive 
shafts; only frame members located 
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—— Steering angles 
—— Front drift 
Rear attitude angles 
Roll angle 
Neutral steer line 
LR.S. rear roll centre 9 in high 


Fig. 8. Steering curves—basic car with 
front anti-roll rod 

close together at the rear can pass 
beneath the drive shafts without loss 
of ground clearance to give the full 
advantage of I.R.S. With a close 
location, the attachment of the inner 
ends of the linkage can be more easily 
arranged. Frame members close to- 
gether tend to be weak in torsion, 
however, and the gap between side 
members and body sills implies further 
loss of strength and difficulty in 
mounting the body. A new approach 
to frame design seems to be required. 
Unit construction of chassis and body 
may provide a solution but, owing to 
the tooling costs and development 
difficulties, this type of construction is 
usually reserved for cars produced in 
large quantities, and these are less 
likely to be the medium for the early 
exploitation of I.R.S. than are the 
more expensive cars catering for drop- 
head or soft-top bodies, and requiring 
a high degree of torsional stiffness in 
the frame. It is difficult to see what 
the final solution may be; ideas must 
prove themselves in production. 


Furnace Control 

IFFICULTIES arise in maintain- 

ing accurate temperature control 
of electrically heated furnaces and ovens 
as a consequence of the wide variations, 
occurring at the present time, of both 
voltage and frequency of the supply 
mains. Sunvic Controls, Ltd., Essex 
Street, London, W.C.2 have now in 
production the RT.2_ Resistance 
Thermometer Controller specially de- 
signed to overcome this problem. 
Arranged for mounting in standard 
P.O. racks, a neon lamp indicates the 
action of the load contacts and abridge 
balancing potentiometer and sensitivity 
control are available on the front case. 
Two industrial type vac’ im valves are 
used and no electrolytu. capacitors are 
employed. (1992) 





JANUARY 1952 


AUTOMOBILE 
ENGINEER 


TYRE TESTING 


Some Aspects in Relation to Vehicle Behaviour 


By V. E. Gough, B.Sc.(Eng), A.M.I.Mech.E., A.Inst.P., A.I.R.I. 
and P. W. B. Jones, B.Sc.(Eng), G.I.Mech.E. 


N addition to supporting load and 

J ceasing tractive or braking 
effort, a tyre must also have the 

following features : 

(a) An ability to provide a cornering 
force when operating at a drift or 
slip angle, that is, to set up a 
thrust perpendicular to the plane 
of the wheel when the latter moves 
in a direction making a small angle 
with the plane of the wheel 
(Fig. 1). 
A tendency for the plane of the 
wheel to revert to the general 
direction of motion. This mani- 
fests itself as a_ self-aligning 
torque when the tyre is running 
ata slip angle (Fig. 1). 
Ability to act as a “low pass 
filter”, that is, to attenuate the 
high-frequency vibrations caused 
by road irregulatiies. The ability 
to absorb road irregularities de- 
mands a flexible road-contacting 
surface, or tread, which can deal 
with irregular departures of 
essentially a three-dimensional 
character from a true plane. 
A design of road contacting sur- 
face, or tread pattern, capable of 


e 
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8 10 
eg 


Cornering force and self-aligning 
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This paper, presented to the Midland 
Section of the Institution of the 
Rubber Industry, opens with a brief 
statement of the essential requirements 
of a tyre. Road tests are necessary to 
ascertain whether pneumatic tyres 
meet these requirements and to make 
numerical estimates of the various 
properties involved. Frequently the 
results are influenced by the the vehicle 
and these influences have to be borne in 
mind in interpreting the findings. 

No attempt is made to produce a 
general survey of tyre testing but 
instead selected probelms which have 
arisen are discussed in the light of the 
above considerations. Examples relate 
to cornering, skidding, comfort, effec- 
tive rolling radius, tread wear and the 
estimation of wheel load. 





causing the break-down and also 
removal by wiping action, of 
films of water or mud from the 
road surface. 

A tread material possessing a high 
coefficient of friction when in 
contact with existing road surface 
materials cleaned by the actions 
mentioned in paragraph (d). An 
important secondary feature is 
that the coefficient at very low 
rates of slip should exceed that in 
the truly static condition. 

A tread material sufficiently flex- 
ible to accommodate minor 
irregularities of road surfacing 
materials without introducing ex- 
cessive road contacting pressures 
(resulting in crushing of the road 
material or other undesirable 
effects). These requirements (d), 
(e) and (f) are closely related for 
(d) sets a minimum value to the 
rigidity. If the tread material is a 
natural or synthetic rubber, how- 
ever, requirements (e) and (f) are 
met automatically by the nature 
of the material, leaving (d) as the 
important one requiring con- 
sideration. 

A tyre structure being as free as 
possible from ill effects due to 
fatigue, self-generation of heat, 
permanent set, etc. 

A tread having good wear-resis- 
tant properties. 

Low weight, accurate concen- 
tricity and inherent balance. 
Readily adjustable spring factor 
and cornering characteristics, 


within limits, so as to match 
vehicle characteristics. 
It should not produce a character- 
istic vibration or noise when 
running on the road nor should 
it enhance any possible resonances 
in the vehicle structure. 

The first three of these items, namely 

cornering: force, self-aligning torque, 

and absorption of road irregularities 

are considered to be of prime 

importance. 

The pneumatic tyre meets these 
requirements in all major respects. 
In a practical design, however, some 
compromise between these several 
features is inevitable. In deciding the 
balance between them numerical 
assessments, by laboratory and road 
tests, become necessary. It can be 
seen that the field to be covered is 
very wide and a comprehensive paper 
is almost impossible. No attempt is 
made therefore to produce a general 
guide to tyre testing but selected 
problems are discussed in relation to 
the foregoing requirements. 


Enlargement of record 


Anchoraee 

Arm carrying cam 

Springs measuring force 

Backplate fitted to steering wheel 
Steering wheel 

Arm carrying recording film 

Recording stylus 

Push rod transmitting spring deflection 


Fig. 2. Steering wheel to record character- 
istic force-movement curve 
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Fig. 3a. Nomogram for correction of mass on pendulum 


accelerometer 


Cornering characteristics 

The typical cornering force curves 
are well known and were given in the 
first instance in Refs 1, 2, and 3, and 
some of the consequences on the road 
are further discussed in Refs 4, 5, 6, 
7 and 8. It is not proposed to discuss 
the direct measurement of cornering 
force on rigs but rather the assess- 
ment of the behaviour of a vehicle 
when cornering with tyres of known 
characteristics. One method of tack- 
ling the problem is the checkerboard 
test described by Stonex, Ref 9, but 
the method is, unfortunately, too 
elaborate for ordinary usage. A 
number of alternatives have been 


explored with varying degrees of 


success. In this work, the primary 


aim is to achieve the measurement of 


the vehicle and driver’s reactions to 
an oversteered condition. Oversteer 
is the unstable condition where 


This 


=true acceleration 
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F - sino 
cos 9 
is equivalent to a zero shift of g sin O 


and a change of scale dependent on cos 6 


F = 
Oo=z 


true acceleration — g 
recorded acceleration - g 
tile due to roll- deg 


Fig. 3b. Nomogram for correction of mass on spring accelerometer 


departures from a straight or uni- 
formly curved course cause forces at 
the tyre-ground contact which aggra- 
vate the departures from the intended 
course. 

It is perhaps worth placing on 
record that Hardman, Ref 8, has 
pointed out that the usual definition 
of oversteer, that is, the rear slip angle 
is greater than the front, applies only 
to a straight path. A more general 
definition can be stated in terms of 
radius of curvature or curvature. In a 
neutral steered vehicle the curvature 
of path of the centre of gravity is 
unaltered by changes in external side 
force. If the concavity of the curva- 
ture viewed from the side of applica- 
tion of the increase of external force is 
increased by the change, then the 
vehicle is oversteered. The easiest 
way of producing oversteer inten- 
tionally is a reduction in rear tyre 


Fig. 4. Car rolling on a bend 


pressures, this results in a lower 
cornering power at the rear than at 
the front. 

There are two main ways of in- 
vestigating this problem, one is to 
measure vehicle course and the other 
to measure steering wheel motion. 
One well-known method of deter- 
mining the vehicle attitude angle, that 
is, the angle the vehicle centre line 
makes with a tangent to its curved 
path, is the skid pad, Ref 5, but work 
is restricted to steady turns of con- 
stant radius. Tests of this kind do not 
lead to the desired information. An 
alternative to this technique has been 
described by Hardman, Ref 9. In 
this method the radius of the path 
of each wheel is measured and the 
slip angles and hence the degree of 
over or understeer derived from the 
known geometry of the vehicle. For 
practical reasons this method is also 
restricted to the study of steady 
motion on a circular course of rela- 
tively small radius. 

The important effects of oversteer 
arise, however, when the _ vehicle 
straightens-out on leaving the curve. 
These effects arise from time lags and 
they are analogous to time lags in any 
servo-mechanisms. Measurements on 
a directional gyro show that the 
departures of attitude angle from a 
simple transition curve are of the order 
of 1 deg or less even when the over- 
steer was easily detected subjectively. 
The time lags could not be estimated 
from the results. Thus the method 
will require more sensitive instru- 
ments to be of practical use. 

The reaction of a driver to a con- 
dition of oversteer manifests itself in 
his actuation of the steering wheel 
irrespective of how he judges the 
vehicle to be oversteered. Separate 
records of movement against time, or 
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force against time, do not lead to a 
satisfactory assessment of this over- 
steer correction. Records of force 
against time are, however, very useful 
for assessing the degree of self-aligning 
torque and other torques affecting the 
applied steering effort. It has become 
clear that to study oversteer the 
characteristic steering force-steering 
movement curve for the vehicle in 
various manoeuvres is needed. 

No doubt this diagram will reveal 
many other features but with a good 
steering gear, free from excessive 
backlash and compliance, it should 
reveal a different characteristic curve 
for oversteer from that for an under- 
steered vehicle. An experimental de- 
vice somewhat as in Fig 2 has been 
tried and the results to date appear 
promising. This work is still in an 
experimental stage and the device is to 
be modified to alter the relative scale 
values of the diagram to ease inter- 
pretation. 


Skidding characteristics 

The methods used for straight ahead 
skidding and braking tests have 
already been described in Ref 11. It 
is sometimes desired to measure the 
sideways skidding characteristics of a 
tyre in order to check the relationship 
with the straight ahead coefficient. To 
eliminate the influence or control the 
driver may have over the result, the 
best procedure was found to be as 
follows : 

The recording accelerometer is 
placed in the vehicle as for braking 
tests but suitably oriented to measure 
sideway acceleration. The car is 
driven on to a suitably wetted, smooth 
test track at 30 m.p.h., the gear 
disengaged, and the steering wheel 
turned “hard over” to full lock as 
rapidly as possible. The vehicle 
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develops a broad- 
side skid. The 
actual course on 
the road surface 
is settled by the 
inward accelera- 








tions imparted by 


|| 


| 
| 





the frictional grip 
between tyres and 
and = so the 
accelerometer 
records the in- 
ward acceleration. ¢c 
Because the 
vehicle “‘rolls”, a 
correction must be 

made to the acceleration diagram. The 
nature of the corrections, and nomo- 
grams to facilitate their calculation, 
are given in Figs 3a and 3b. 

There are several ways of measuring 
the roll angle. The roll gyro and the 
horizon camera have already been 
described, Ref 11, but a simpler and, 
perhaps, more direct method is to 
photograph the vehicle from a point 
outside the vehicle chosen so that the 
view is approximately along the 
longtitudinal axis, as in Fig 4. A 
typical roll is 10 deg per g. In 
straight comparisons of tyres on a 
given vehicle there is of course, little 
need for this roll correction. In 
passing it is of interest to record that 
the pitch in straight ahead braking 
tests is considerably less—0-5 deg to 
1-0 deg per g is typical—and there is 
little need for this correction in 
braking tests. 

The sideway and forward co- 
efficients are in broad correspondence. 
The former, however, is around 10 per 
cent lower than the latter on a smooth 
test track when wet. Such factors as 
influence cornering power would, 
perhaps, be expected to cause an im- 
provement in the sideway value. Tests 
suggestatendency 
in that direction 
but the effect is 
small and it is 
difficult to estab- 
lish any real 
difference. This 
is due to the 
effects, if present, 
being of the same 
Asie il order as the day- 
req/se 

, to-day test 
variability. 


A Tracing point 


Comfort 

As regards vib- 
ration, a car is a 
very complex 
system. There are 
however two main 
frequency ranges 
which are of in- 
terest from a com- 
fort aspect, Ref 12. 
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Fig. 6. Principle of distribution analyzer 
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They are (1) the body and chassis 
mass on the suspension springs and 
(2) the axle mass on the tyres. The 
frequency ranges are typically 60-80 
per min and 10-15 per sec respectively. 

From his survey of the literature on 
comfort, Janeway, Ref 13, recommends 
that the upper limits of amplitude of 
vibration for satisfactory comfort of a 
vehicle are : 


Frequency Formulae 
Range c/s __ for limits 
1-6 af*=2 
6-20 af*=4 
20-60 af =} 


where a is amplitude (in) and f is 

frequency (c/s). 

Fig 5a shows a plot of these limits 
in terms of amplitude against fre- 
quency. Figs 5b and 5c show the same 
curve replotted as velocity and accelera- 
tion respectively. It follows that 
acceleration is a useful index of com- 
fort providing : 

(1) The frequency range of the oscilla- 
tions being investigated is between 
6 and 20 cs. 

(2) The accelerometer employed 

records the acceleration without 
serious distortion. 
According to usual practice, Ref 14, 
this is so if (a) the natural frequency 
of the instrument is about three 
times the frequency of the oscilla- 
tions and (b) the damping is 
around 0-7 critical. 

It seems reasonable from Fig 5d to 
use an accelerometer to assess the 
relative comfort of different tyre 
fitments, provided the test road does 
not set up large chassis movements. 
The accelerometer gives an accelera- 
tion-time curve which needs sum- 
marizing before simple comparison 
can be made. 

A complete summary of the ampli- 
tude changes is obtainable from the 
distribution analyzer, already des- 
cribed in Ref 11 and sketched in 
Fig 6. A disc’s rotation records the 
proportion of the total time during 
which the amplitude lies between the 
two values corresponding to the edges 
of the disc. These values then give 
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the distribution of the recorded 
accelerations. To further condense 
the information it is desirable te obtain 
the standard deviation, which is a 
statistical measure of spread, in 
acceleration units. The mean accelera- 
tion is always zero as the vehicle, on 
the average, remains on the ground. 
This can be done by plotting the 
cumulative totals on probability paper 
and drawing the best straight line, 
Ref 11. This corresponds to fitting a 
normal or Gaussian curve to the data 
and permits the standard deviation to 
be determined from the slope of 
the line. 

Another way of summarizing the 
data is to calculate the root mean 
square (R.M.S.) value by summing 
the products of the disc movements 
and the square of the corresponding 
acceleration values, dividing the sum 
by the total of the disc movements, 
and finally extracting the square root. 
It is seen that this is also the process 
of finding the standard deviation and 
these two measures are identical 
although the two ways of estimation 
described may not lead to identical 
values. A consideration of these 
relationships has lead to a quicker 
method of estimation. 

If the predominant frequency of the 
record is known, a quicker way of 
comparing vibrations is te estimate 
the average peak amplitude by the 
following method. A map-measurer 
is traversed along the acceleration 
trace and also along the true base, the 
recorded values being A and B 
respectively. The average peak value 
is then approximately 

1 PE a 
a 
where 


f= dominant frequency, axle 
mass on tyre as spring. 
t=duration of record (sec) 1 0: 
s=scale factor of accelera- 
tion diagram relative to 1 
map measurer units in 
number of units per g. 
This expression is exact 
if the wave form is tri- 
angular and of constant 
amplitude and frequency. 
Fig. 7 shows that departures 
from the triangular wave 
form do not seriously alter 
the estimate. A _ straight- 
forward calculation shows 
"that the peak value is 
\ 3 times the R.M.S. value 
in the case of the triangular 
waveform. The use of such 
a factor to obtain a figure 
comparable with the S.D. 
or R.M.S. values is merely 
equivalent to fitting tri- 


angular waves to the vibra- Fig. 8 
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\ A*-B* = 4 fts (av. peak value) 
f - predominant frequency 
- scale factor - in g 
Simple method of estimating average 
peak value 


Fig. 7 


tions recorded by the accelerometer. 
In practice, this approximately derived 
relationship is adequate provided the 
predominant frequency is well defined 
and the greater speed of this new 
method is useful. (See also appendix.) 
The foregoing suggests that the 
tyre alone controls the vibrations of 
the 10-15 per sec frequency which 
give rise to a feeling of roughness on, 
say, rippled road surfaces. Unfor- 
tunately this is not so; resonances or 
interaction between axles and, or, 
other spring mounted components 
such as the engine may either magnify 
or absorb the initial axle vibration. 
Fig 8 compares two vehicles at each 
of two speeds. In one there is no 
interaction at either speed but the 
other is rendered less comfortable by 
interaction of some kind, which occurs 
at 25 m.p.h. when the rear axle hits 
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the obstacle before the vibrations set 
up by the front wheel have died down. 
The vibrations continue to increase 
after the rear axle hits the obstruction. 

Another feature which often escapes 
attention is that the shock absorber, 
although connected to the chassis and 
not the ground, provides the damping 
which controls the high frequency 
axle vibrations as well as the lower 
frequency, | per sec, body oscillations. 
This can be seen from Fig 9 for, at the 
frequencies of 10-15 per second, the 
chassis mass is practically stationary 
because of the relatively lower natural 
frequency of its motion on its support. 
Hence the shock absorber motion has 
approximately the same amplitude as 
it would have if it were connected from 
axle to ground. 

Because the inherent damping of 
the tyre is small, it follows that the 
small movement, high velocity 
characteristics of a shock absorber 
have a very important influence in tyre 
testing from the comfort aspect. 
Comparisons between tyres must there- 
fore be made on the same vehicle over 
the same stretches of road. In general, 
provided no resonances occur in the 
vehicle, the comfort of a tyre on a given 
vehicle is in the same relative order as 
the cushioning capacities, the inverse 
of the spring rate. 


Effective rolling radius 

The number of revolutions a tyre 
executes in a given distance at its 
scheduled operating conditions re- 
quires to be known for the purposes of 
speedometer design. It is common to 
call the radius which may be derived 
from the revolutions-per-mile figure 
the rolling radius. It is not equal to 
the height of the axle from the ground 
nor is it the radius of any identifiable 
point of the tyre. 
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It is an effective radius, 
and can be estimated from 
tyre dimensions by em- 
pirical formulae which, in 
general, are of the form: 
effective rolling radius equals 
standing height plus a cer- 
tain percentage of tyre 
deflection. The percentage 
depends somewhat on tyre 
construction and is around 





A Good vehicle 

B Car with interaction between axle vibrations 
F Front wheel hits plank 

R Rear wheel hits plank 


Vertical acceleration when riding over a ? in plank 


20-30 per cent. These 
formulae are based on ob- 
served values of revolutions 
per mile under known run- 
ning conditions. Revolu- 
tions per mile are easily 
determined in the normal 
driving case by running the 
vehicle over a suitable mea- 
sured distance, preferably 
1 mile straight, and counting 
revolutions by mechanical 
or electrical counters, Ref 11. 
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Fig. 9. Chassis is seismic at axle resonance 
frequency. Shock absorber meves as if 
connected at A 


A high precision is possible. The 
effective rolling radius is altered 
slightly by torque transmission, the 
effective radius being greater for 
driving, to provide for the driving slip, 
and likewise less for braking. 

In four-wheel-drive vehicles the 
effective rolling radius is of particular 
importance as it settles the distribu- 
tion of transmitted torques between 
the front and rear axles which, of 
necessity, execute the same number of 
revolutions when coupled. Some 
interesting effects arise. For example, 
it has been found that a particular 
four-wheel-drive vehicle with heavily 
loaded, underinflated rear tyres, giving 
smaller effective radius, and lightly 
loaded front tyres, giving larger 
effective radius, resulted in heavy 
heel-and-toe wear in a braking direc- 
tion on the rears and little wear on the 
fronts. This, together with the fact 
that one turn of the front wheels 
corresponds with alonger distance than 
one turn of the rears, suggested the 
apparently paradoxical situation that 
lightly loaded front wheels were 
pulling the heavily loaded rears around. 
Direct observation of the tyre motion 
on the ground proved this to be so 
and also showed the overall braking 
slip at the rears to considerably exceed 
the overall driving slip at the fronts. 

The explanation of this phenomenon 
is contained in Fig 10, where it is seen 
that a driving wheel lays the tread 
down, on entering the contact area, in 
the way required for the normal 
deflected condition, that is, in com- 
pression. A braking wheel, however, 
requires movement within the contact 
area to change tension into compression. 
This provides the basis for an explana- 
tion of the greater torque transmission 
available from a driving wheel relative 
to a braking wheel. The diagrams can 
be shown to be similar for smooth 
wheels ; the toothed wheels are used 
to make the facts clear. Furthermore, 
the characteristic coefficient of friction- 
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slip curve, Refs 15 and 16, with its 
rapid increase to a maximum from 
zero to around 10 per cent slip, with 
a definite fall to a somewhat lower 
value at higher slips, serves to ensure 
that the braking tyre continues to slip 
and fails to cause the driving tyre to 
exceed the slip corresponding to the 
maximum grip. 


Tyre wear 

There are many manifestations of 
patchy or irregular wear on tyres, 
particularly those on front wheels of 
vehicles. The two main types are 
probably scalloped wear and rib- 
punching, that is, excessive wear 
of one casing rib of the pattern. 
Scalloped wear does not arise from 
wheel flap as might be expected. For 
example, if a tyre with a 5 in or 6 in 
pitch scalloped wear traverses the road 
at 30 m.p.h. the frequency of flap 
would need to be 100 persecond, which 
would be impossible. Again, if it 
depended on a simple mass-spring 
system it would be very speed- 
dependent and could be eliminated by 
avoiding the resonant speed. 

The explanation of these phenomena 
rests in the fact that unequal lengths of 
tread material, due to differences in 
rib radius, are forced to travel the 
same distance along the ground or 
else slip. In fact, one rib progressively 
increases its longitudinal compression 
and the adjacent rib increases its 
longitudinal tension until the frictional 


Extended pitch wil! 
not mesh correctly 


A ‘‘Rubber’’ gear wheel 
B ‘‘Rubber’’ 


gear wheel deflected by a flat platen 
assumed uniform but compressed 


grip between the ground and one or 
other of the ribs fails to be adequate. 
Slippage occurs at this point and then 
the cycle recommences. 

If the points of slippage are ran- 
domly disposed around the periphery 
of the tyre, uniform wear results. If, 
however, due to a local depression, 
the slippage always occurs at a given 
point, and because the co-efficient of 
friction drops with the sliding, the 
tensions and compressions are com- 
pletely released. Wear is accentuated 
at that point and, furthermore, the 
tensions and compressions always 
start rebuilding from that point. As 
the cycle is now phased to recommence 
at a fixed point, the succeeding slip- 
page will also occur at a constant place. 
It is seen that once a flat spot is estab- 
lished others automatically develop 
around the periphery. The process is 
both self-generating and self-sustaining 
as any given flat will cause a further 
flat beyond it. 

The original flat spot can arise from 
a wide variety of causes such as 
eccentric brake drums, accidental 
locking of wheels, discontinuities in 
tread rib longitudinal rigidity, or 
tyre repairs. If there is an overriding 
slip (sideways as in cornering or fore- 
and-aft as in driving wheels) there is 
no cyclic build-up of differential 
stressing, and irregular wear rarely 
arises. It follows that a freely rolling 
tyre is most prone to irregular wear, 
and also that the front wheel further 


Pitch along chord 


C Clockwise torque applied to short sector of periphery 
D Anti-~ clockwise torque applied to short sector of periphery 
E ‘‘Rubber"’ gear rolling along rack with braking torque applied 


F ‘*Rubber’’ 


gear rolling along rack under the action of a driving force 


Fig. 10. Explanation of effective rolling radius phenomena 











from the steering box is most prone to 
irregular wear as this wheel is not called 
upon to give its fair share of cornering 
force because of slack in the links. 

“Rib punching”, where one rib 
wears faster than its neighbour, arises 
from similar causes but is accentuated 
by the presence of a high ground- 
contact pressure on shoulder ribs. 
Here again the findings on the four- 
wheel-drive vehicle apply, leading to a 
partial explanation as to why the 
crown rib wears least. It will be noted 
that the buffing marks on the tread 
confirm that at the points of high wear 
the rib moves in a_ longitudinal 
direction in accord with this theory. 
Fig 11 shows an example. From the 
buffing marks it can be shown that the 
place of heavy wear has occurred due 
to the rib moving in a braking direction 
on the ground. Elsewhere on the tyre 
the buffing marks are normal for a 
front wheel. The fine lines, which are 
normal to the direction of buffing, 
form an arrow-head pattern pointing 
upward when the tyre is viewed from 
the front of the vehicle. This latter 
pattern can also be shown to arise 
from the simple superposition of over- 
all sideslip to the right and the left, 
on the fore-and-aft motions due to the 
different rib radii. 

The same basic theory provides an 
explanation for the patchy wear of 
twins and also for the apparently 
more difficult phenomenon of hollow 
wear on wide, shallow, solid tyres. 
The foregoing indicates that only 
vehicles in good mechanical condition 
should be used for rate-of-wear tests, 
perticularly when comparing tread 
compounds. Even when the vehicle 
is in good mechanical order and there 
is no sign of irregular wear, the vehicle 
design can influence the relative rates 
of wear at each wheel. For example 
the differences in the compliance of 
the steering linkages to each of the 
front wheels can seriously modify the 
slip angles. 


Fig. 11. Tyre with irregular wear. 


Low spot and direction of 
rotation indicated by arrows 
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By theoretical 
analysis of the 
motion of a 
vehicle around a 
bend, having due 
regard to the 
steering gear 
compliance, the 
following example 
emerges : 

Vehicle—R.H. 

drive saloon. 

5:50—16 tyres. 

Compliance to 

wheel nearest 

steering box 
one half that to 
other wheel. 

Overall compli- Jack 

ance from 

wheel to wheel 

is taken as 20 

lb-ft per deg. 
Progressing at a uniform speed of 
45-6 ft/sec around a right-hand bend 
of 225 ft radius, the rear wheel slip 
angles are each within a minute or so 
of 3 deg but the right-hand front 
wheel, inside the bend, has a slip angle 
of 4 deg 9 min while the left-hand 
front wheel, outside the bend, has a 
slip angle of 2 deg 57 min. The right- 
hand front wheel is developing a 
cornering force of 300 Ib and the left- 
hand of 225 lb. Clearly the tyres will 
wear at different rates. To traverse 
this curve the steering wheel is turned 
through an angle which corresponds 
to an expected steered angle at the 
wheels of 4 deg 26 min but due to the 
compliances the right-hand wheel turns 
3 deg 7 min and the left-hand only 
| deg 57 min. At these small angles 
the question of departure from Acker- 
mann hardly arises. This result is 
typical of the findings of the analysis 
which is new and is helping the 
practical findings of wear tests to be 
understood. 

Before leaving the important ques- 
tion of wear tests, attention is drawn 
to a recent paper 
by Buist, Newton, 
Thornley, Ref 17, 
and to record also 
that use is made 
of the statistical 
plan known as the 
incomplete ran- 
domised block. 
There are, how- 
ever, two slight 
differences in 
analysis which 
should be put on 
record. It is pre- 
ferable to analyze 
logarithm of wear 
rate rather than 
mm per mile or 
miles per mm. 


Fig. 12. 
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This avoids any unnecessary discussion 
of the relative merits of the two ratios 
as their logs are numerically equal, 
though of opposite sign. More im- 
portant, however, is that the analysis 
is more discriminating as the log of 
wear is more normally distributed than 
either of the two ratios. Further, 
impossible values such as negative 
rates of wear cannot arise in the 
analysis. The use of logarithms has 
proved invaluable in tyre life problems 
of other kinds. 

The other pertinent point is that the 
analysis of variance should be set out 
with the principle of split-plot designs 
in mind, and arranged so that every 
term in the table corresponds to some 
physical effect. The result is that 
variabilities between tyres are not 
mixed with the smaller variabilities 
within a tyre. A paper has been read 
on this subject by Martin, Ref 18. 
Although statistical analysis is not 
directly mentioned elsewhere in this 
paper it is regularly used te help 
decide the significance of test results 
in connection with all matters 
investigated. 


Measurement of wheel load 

In any tyre test the wheel loadings 
are required to be known. It is 
common experience that weighbridge 
and, or, loadometer figures for in- 
dividual wheels often fail to total up 
to the correct ‘overall weight. The 
following procedure does lead to the 
correct answers, although it is too 
elaborate for any but special cases. 
It is included because it shows the 
nature of the difficulty and it demon- 
strates that it is not always safe to 
assume that if the load measured on 
an individual wheel repeats satis- 
factorily the value is the true 
operating load. 

These effects are most marked in 
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heavy vehicles, especially military 
vehicles such as tanks. The procedure 
is as follows. The wheel is supported 
by a jack resting on a good quality, 
load-measuring capsule and the wheel 
is raised and lowered, over an adequate 
range, while deflections relative to the 
chassis are recorded. The results are 
found to be as in Fig 12, the width of 
the loop depending on spring friction, 
etc. The vehicle is then driven around 
over a typical road and a curve of axle 
movement relative to chassis recorded. 
The mean deflection read off the latter 
curve then enables the mean load to be 
found from the hysteresis loop. 

The use of a single loadometer can 
give consistent but inaccurate results. 
Friction in the weighbridge can have 
a similar influence and so cause 
trouble. If the principle behind this 
method is borne in mind, apparent 
anomalies in results obtained by the 
normal weighing processes can usually 
be elucidated. It also applies to almost 
any measuring process leading to the 
general law that any measuring device 
with hysteresis can give consistent but 
biased results unless the measure- 
ments are performed in such a manner 
as to exhibit and assess the magnitude 
of the hysteresis. 
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APPENDIX 
G 1 t of comfort 

A possible extension of the technique 
of estimation of average peak value by 
the use of a map-measurer is the 
assessment of discomfort arising from 
chassis movement. Over the | to 6 c/s 
range, Janeway gives a f® as the index 
of comfort with a f*=2 as the limit. 
This index can be written as f (af®). 
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If tests have to be carried out on 
roads with long and short waves 
present, it is suggested that the record 
can be interpreted by putting an 
average line through the record, any 
undulations on this average line to 
have a frequency of 6 c's or less. Let 
the length of this line be C, then : 


1 2 *2 
* 4 f.t.s. VA c 
l ‘C2_R2 
and K\= 45 \/ C°—B 


permit approximate comparisons’ of 
both unsprung and sprung oscillations 
but values of P, and K, cannot be 
directly compared as their relative 
importance is somewhat dependent on 
the observer preference. K_ corres- 
ponds to “Jerk” in Janeway’s terms. 

If, however, the view is taken that 
a scale of discomfort in which Jane- 
way’s recommended limits are unity 
everywhere, the following technique 
would be applicable in appropriate 
circumstances : 

Find K in in/sec? from A, B and C, 
t and s from the acceleration record, 
as already described, and also deter- 
mine f, the predominant frequency in 
cycles per second, then : 

K 


Iffis between land 6 J 3 


Iffis between 6and20 J = be 


60K 
f 2 

J is then the comparative discomfort 
in a scale in which the recommended 
safe limit of vibration, as defined by 
Janeway, is unity whatever the fre- 
quency. The extension to the 20 to 
60 range is probably not practicable 
because of the difficulties of finding a 
suitable accelerometer. The use of 
an instrument reading directly in 
velocity is probably preferable in this 
this region. 
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selected for simplicity and ease of 
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the work is not essential. Although the 
tool receives no cooling, in order to 
retain the elevated temperature of the 
stock, coolant is used on the work after 
the cut is taken to minimize the expan- 
sion against the tailstock of the machine. 

An additional advantage of the hot 
machining technique is in the finish of 
the work. Crevices appearing on the 
surface when a heavy cold cut is taken 
are absent. Feed lines are formed, but 
they travel around the periphery, while 
transverse tear lines do not arise because 
hot steel has no tendency to cold 
fracture. (M.I.R.A. Abstract No. 5514.) 
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PNEUMATIC TOOLS 
Important Developments by Desoutter Brothers Limited 
for Assembly Functions 


ANY interesting and important 
M developments have been in- 
corporated in the new assembly 
factory recently opened by 
Motors Ltd. In general, the impetus 


for these developments came from the 


Austin planning engineers, but their 
successful application has been made 
possible only through the ready co- 
operationofseveral 
manufacturers of 
specialized equip- 
ment. Some of 
the developments 
in this new factory 
are so spectacular 
that others, of 
great importance 
but far less spec- 
tacular, may easily 
be overlooked. For 
example, it is 
doubtful whether 
the importance of 
the pneumatic 
tools developed and = supplied by 
Desoutter Brothers Limited, The Hyde, 
Hendon, London, N.W.9, has been 
appreciated by other than a few of the 
engineers intimately concerned with the 
whole project. 

Hitherto, almost without exception, 
automobile manufacturers have practi- 


Fig. 1. 


Fig. 2. 
simultaneously 


Austin 


Desoutter SR.SO pneumatic motor. 


Using a twin motor unit for tightening two rear axle U bolts 


ally always used fairly heavy weight 
high-cycle electric nut runners for 
chassis and body assembly functions. 
On the new Austin assembly lines, 
owever, pneumatic tools are used 
exclusively. This is, we believe, the 
first automobile assembly installation 

the world on which pneumatic 
ols are used to the complete exclusion 


Normal high-cycle electric tools with 
nut capacities of $ in and § in are very 
bulky, have an average weight of 
18 20 lb, and can be used for tightening 
only one nut at a time. Obviously, 
it is not practicable to combine such 
tools into a unit for tightening say 
four nuts simultaneously. Therefore, 
when the problem was placed before 

Desoutter Brothers 
Limited, that or- 
ganization realized 
that the only 
practical solution 
was the use of 
pneumatic tools. 
It was also realized 
that for weight 
and space reasons, 





It is 13 in diameter, 
develops nearly 2 h.p. 


electric hand tools. The primary 
reason for this development was that the 
assembly sequence laid down by the 
planning engineers called for the 
simultaneous tightening of several nuts 
at Certain stations on the assembly line. 
Incidentally, certain other advantages 
accrue from the use of pneumatic tools. 


Fig. 3 


eighs only 2 Ib 9 oz and 


a new form of 
motor had to be 
developed. _Fin- 
ally, after con- 
siderable research, 
the SR.50 pneu- 
matic motor was developed. 


The SR.50 motor 
This pneumatic motor, which is 
illustrated in Fig. 1, is only 1{ in in 
diameter and 6} in long, and weighs 
only 2 lb 9 oz. Despite its small size 
it develops nearly } horse-power with 


A quadruple unit in use for tightening four nuts on the 


front mounting for the engine 
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Fig. 4. 
brake link bracket 


a torque of 500 inch pounds. Because 
of the small diameter, these motors 
can be grouped with spindle centres as 
close together as 2 in. Furthermore, 
owing to the low weight, an assembly 
of multiple spindle tools is light in 
weight, easy to handle, and the operator 
does not feel any torque reaction. 
This motor has been specifically 
designed for nut and stud running. 

The rotor is mounted in ball bearings, 
but also rides on a cushion of air at 
each end. This arrangement eliminates 
friction and wear. It has five blades, 
which are automatically blown out 
when the motor is switched on, thus 
ensuring perfect starting. The case has 
a screwed nose and is therefore, suit- 
able for end or clamp mounting in 
assembly fixtures. Two trains of 


Fig. 6. Tightening the rear bumper bracket 
with an SR.10 pneumatic spanner 


Three SR.50 motors grouped for fastening the 
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epicyclic gears mounted on roller 
bearings provide a free spindle speed 
of 350 r.p.m. There is no clutch since 
the motor is designed to stall against a 
controlled air pressure. 

That the motor stalls against a con- 
trolled air pressure is a most important 
feature of the design. It ensures 
complete uniformity of tightening 
torque. Before this development, most 
high-cycle electric tools used for 
running up and tightening }$ in and 
8 in nuts on automobile assembly 
lines, were fitted with either spring- 
loaded or impact-type clutches. Despite 
the efficiency of such tools, the results 
obtained are in some degree dependent 
upon the operator, since they are 
effected by the amount of dwell 
allowed on each nut before the tool is 
switched off. With the SR.50 motor, 
the tightening torque is applied com- 
pletely automatically, and it can be 
said with certainty that nuts can be 
tightened to a pre-set torque with 
unfailing regularity. 

In an installation of the type em- 
ployed by Austin Motors Ltd., it is 
essential that there is a compressed air 
system used solely for the supply to 
the pneumatic tools. Additionally, 
the main airline pressure must constantly 
be maintained at a pressure in excess 
of that required when all the motors 
are in use together. For this reason 
Austin Motors Ltd. have installed a 
special battery of three compressor 
units to supply air only for the pneu- 
matic tooling equipment on all the 
assembly lines in the new factory. 
Air is supplied to all the main assembly 
points at approximately 150 lb per 
square inch pressure. The _ exact 
pressure required at the various points 
is obtained through individual pressure 
regulators at the take-off points for the 
various groups of motors. At each 
point the pressure is adjusted to give 
the correct degree of tightening torque 
for the job that is to be carried out. 
Provision is made for the lubrication of 
the motors by means of automatic 
air- line lubricators. 


Fig.5. A quadruple unit with SR.50 motors for tightening the 


wheel nuts 


For an installation of this characters 
where a good supply of clean, dry air 
is assured, together with constant 
lubrication, pneumatic tools have other 
advantages than the facility with which 
they can be grouped to allow several 
nuts to be tightened simultaneously. 
For example, in comparison with 
electric tools, they should have a 
longer life, be practically free from 
breakdowns, and upkeep costs should be 
greatly reduced. It is, in fact, almost 
impossible seriously to damage a 
pneumatic tool through ill use. Inci- 
dentally, the SR.50 motors in use at 
the works of Austin Motors Ltd. are 
the only ones in existence. They are 
going into general production in the near 
future so that supplies should soon be- 
come available for other manufacturers. 


Fig. 7. An SR.10 pneumatic spanner with 
long reach extension for fastening radiator 
support bracket 








Fig. 8. 


Applications 

Multi-spindle tools with SR.5 
motors are used at five stations on the 
assembly line. They are arranged to 
stall against a controlled pressure 
which ensures that the specified degree 
of tightness is obtained on each nut 
These stations are :— 

Engine mounting brackets 

Front assembly unit (shock 

absorbers 

Wheels : or 

Rear brake link bracket 3 nuts 

Rear spring shackle bolts.. 2 nuts 

Four of these multiple spindle tools 
are illustrated in Figs. 2, 3, 4 and 5 
The tools shown in Fig. 2 is a specially- 
designed angle-drive twin motor unit 
for tightening two rear axle U bolts 
simultaneously. The motor perform- 
ance is unaffected by the peculiar 
mounting, and the spring-loaded sockets 
make location of the unit upon the 
fixing bolts a very simple matter. 

Fig. 3 shows a unit that has been 
designed for tightening four nuts on 
the front mounting for the engine 
Each of the four spindles is fitted with a 
spring-loaded box spanner on a long- 
reach extension. This illustration also 
shows the method by which the special 
unit is poised over the work on a 
spring-loaded cable winch. The unit 
is attached to the cable by a suspension 
bracket, and in operation is balanced 
by its own weight. A triple unit for 
simultaneously tightening the nuts 
that fasten the brake link bracket to 
the chassis frame is illustrated in Fig. 4, 
and a quadruple one for tightening the 
wheel nuts in Fig. 5. In each of the 
multiple spindle units a single master 
trigger valve controls all the motors 


4 nuts 


4 nuts 
4 nuts 


Part of an Austin assembly 
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addition, the exhaust from the 
motors is taken through a_ special 
silencer within the casing, so that the 
tools are virtually noiseless in operation. 

In addition to the assembly stations 

which several nuts are tightened 
simultaneously, there are, of course, 
many more stations at which nuts are 
tightened singly. Once again, SR.50 

tors are used, and in greater or lesser 
degree each tool is designed for one 
specific operation. Of the single 
spindle tools, the most interesting are 
probably those designated type SR10 35. 
This is a newly developed worm type 
spanner that is very powerful. The 
motor drives the nut runner through a 
worm gear reduction unit which is 
absolutely irreversible. When the 
nut is run down by power, the operator 
can, while the air is fully switched on, 
use the handle of the tool as a ratchet 
spanner that is completely free from 
backlash. As a result, this 
tool can be used for the final tightening 
of a nut with a minimum of handle 
movement even in the most confined 
space on a chassis. This tool is, in fact, 
generally used for tightening nuts 
which are relatively inaccessible. Two 
applications of this newly developed tool 
are illustrated in Figs. 6 and 7. One 
of these spanners in use for tightening 
the rear bumper bracket is shown in 
Fig. 6 and one with a long reach exten- 
sion for fixing the radiator support 
bracket is shown in Fig. 7. 

As the assembly is carried out on a 
moving conveyor, it is important that 
all the tools come readily to hand when 
required. Therefore, special attention 
has been paid to positioning the tools 

) give optimum operating convenience 


type of 
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ne, showing multiple tools suspended from eight-armed windmills 


and efficiency. When not in use many 
single spindle tools are lodged in special 
rests at the side of the conveyor. 
Other tools may be carried by individual 
suspension units, while yet others 
are carried on overhead arms that 
radiate horizontally from a_ central 
hub, see Fig. 8. These arms are free 
to rotate so that any of the tools can be 
brought quickly and easily into the 
working position. 


Chemical Finishing 
HE 1951 Ministry of Supply and 


Board of Trade Orders (Nos. 
1048 and 1049 respectively), prohibiting 
the use of nickel for plating purposes, 
leave motor manufacturers with lacquer, 
paint and chemical finishes as alterna- 
tives to the usual nickel or chromium 
plating. A chemical process developed 
by Metal Processes Ltd., Kingsbury 
Road, Erdington, Birmingham, 24, is 
claimed to be suitable for a variety of 
vehicle fittings such as lamps, hub discs, 
filler caps and gear levers. 

An article of copper, brass, or steel 
previously coppered or brassed, if 
immersed in a_ heated solution of 
*‘Niklit” powder in ordinary tap water, 
receives a finish simulating that of nickel 
in five to ten minutes, according to 
size. Neither electrical equipment nor 
skilled labour is required, and there is a 
substantial saving in cost. The initial 
surface finish of the metal is unaffected: 
a polished surface will not require 
re-polishing after treatment. 

As the process is chemical it causes 
no dimensional change and the finish 
cannot flake. It is claimed it will not 
tarnish over a period of years. 
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MACHINABILITY 


A Resumé of American Investigations of Methods of Increasing 
Production and Reducing Costs 


PTIMUM output, that is the 
best possible combination of 
workpieces produced and tools 

expended, is at any time of primary 
importance in production economics. 
To-day, with the small tool situation 
becoming ever more serious, this matter 
is of even greater importance, It has 
been the subject of detailed study in the 
United States of America, and these 
notes are based on the results of recent 
investigations in that country. The 
original impetus for the investigations 
arose from the difficulties encountered 
in machining the high-temperature 
alloys used in turbo-jet aircraft engines. 
Of more immediate interest to the 
automobile industry is the work that 
has been carried out on cast irons. 

In the past thirty years there have 
been very great advances in the applica- 
tion of machining processes. New tool 
materials have been developed to give 
much higher rates of metal removal. To 
keep pace with these materials, machine 
tools have been designed to employ faster 
cutting speeds. By contrast surprisingly 
little has been done to apply the available 
metallurgical knowledge to the produc- 
tion, of materials 
with better mach- 
inability proper- 
ties. In fact, until 
very recently, 
specific treatment 
and control of 
material to give 
the best possible 
degree of machin- 
ability has been 
seriously neglec- 
ted. Certainly, 
production condi- 
tions have not 
always been ad- 
justed to take full 
advantage of existing metallurgical 
knowledge. For example, it has been 
definitely established that slight varia- 
tions in microstructure can be respon- 
sible for as much as a five-fold change in 
tool life at a given speed, yet little atten- 
tion is paid to the problem of controlling 
the microstructure. Far closer scrutiny 
of microstructure is essential if 
optimum production results are to be 
obtained. Furthermore, once the desir- 
able microstructure has been estab- 
lished, extremely close control should 
be exercised to maintain it. 


TABLE I. 


Free graphite 
Free ferrite 
Pearlite 
Acicular 
Steadite 

Free carbide 


Cast irons 

In terms of both its mechanical and 
application properties, cast iron has 
long been taken for granted. Yet, 
cast iron is a term applicable to a largé 
range of alloys from very soft and 
crumbly material to glass hard and 
brittle, and even to hard, strong and 
ductile materials with mechanical 


Microconstituent 


properties comparable with those of 
some steels. The investigations on 
which these notes are based, have 
disclosed many interesting points about 
the machinability of cast irons. Of 
these, probably the most important is 
the influence of microstructure. 

The hardness and strength of a metal, 
as well as its properties in machining 
operations, are known to depend upon 
the microstructure. This structure in 
turn depends upon the chemical 
composition and heat treatment. In a 
cast iron the microstructure is governed 
in great measure by the cooling rate, 
which is influenced by the pouring 
temperature, the moisture in the sand 
mould, the wall thickness or section 
size in the casting, and the atmospheric 
conditions. A_ single casting may 
include structures ranging from ferrite 
to white iron because of uncontrolled 
cooling attributable to the foregoing 
factors. Test bars cast at the same time 
to provide specimens for mechanical 
testing may show structures and 
properties that are not at all repre- 
sentative of the actual casting. 

The microstructures of cast irons are 


HARDNESS OF CAST IRON MICROSTRUCTURES AT ROOM TEMPERATURE 


Knoop microhardness 
100 gram load 


Range of values 


15-40 
215-270 
300-390 
400-495 
600-1200 

1000-2300 


not limited to specific chemical compo- 
sitions, and any one structure may be 
produced in a variety of ways. It 
has also been established that irons of 
the same microstructure, regardless of 
chemical composition, section size, 
cooling rate or mechanical properties, 
have approximately equal machining 
properties. While mechanical proper- 
ties and machining properties both 
depend upon microstructure, they are 
not necessarily dependent upon each 
other. For example, Brinell hardness 
is often used as a rough guide to 
machinability, but it can lead to 
completely false results. It has also 
been established that certain changes 
in microstructure lead to longer tool 
life with higher cutting speeds, and at 
the same time, contrary to expectation, 
they also produce stronger and harder 
materials. In fact, microstructure is 
the only reliable guide to machinability. 
In this connection, it must be stressed 


that it is necessary to determine the 
structure in the immediate area to be 
machined, since structure will vary 
throughout the casting. 


Cast iron microstructures 
As the microstructure of a cast iron 
is all important for machinability, 
brief reference may be made to the 
various micro-constituents usually asso- 
ciated with the cast irons. Common 
grey cast irons have a structure com- 
posed of pearlite and flaky graphite. 
These may be either coarse or fine. 
Generally, coarse pearlite is associated 
with coarse graphite and fine pearlite 
with fine graphite, since the factors 
which produce the coarseness in one 
also produce it in the other. Fine 
pearlite is associated with a _ rapid 
cooling rate, low carbon content, low 
silicon content, and the presence of 
alloying elements such as chromium, 
vanadium and molybdenum. Coarse 
pearlite develops when the cooling rate 
is low and when the iron is not highly 
alloyed. Grey cast irons may also 
contain ferrite, steadite, free carbide, 
manganese sulphide and_ various 
inclusions. 
Ferrite. In the 
as-cast condition, 
free ferrite may be 
present in quan- 
tities up to about 
Average v: value 10 os To 
obtain a very large 
proportion of free 
20 ferrite, 50 per cent 
240 or more, the cast 
350 iron must be an- 
445 nealed for periods 
950 of from one to 
1500 eight hours at 
temperatures from 
1400-1600 deg F. 
Steadite. This is a eutectic composi- 
tion of iron, carbon and phosphorus. 
It is commonly found in irons con- 
taining more than 0-10 per cent 
phosphorus. With the ordinary cast 
irons, steadite is present in quantities 
less than five per cent. Its presence in 
such amount has little effect on 
tool life. 
Free carbide. This constituent occurs 
in irons that have been cooled very 
rapidly. The formation of free carbide 
is accelerated by such alloys a 
chromium and vanadium. Even small 
amounts of free carbides are extremely 
detrimental to tool life. 
Acicular structure. An acicular struc- 
ture in cast iron can be produced by 
the addition of chromium, nickel and 
molybdenum in sufficient quantities. 
This structure gives an iron that is 
hard and strong and difficult to machine. 
White iron. White iron may form in 
small areas in thin sections that have 
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Total volume metal removed — in* 


i i 
200 300 400 600 100 
Cutting speed-ft /min 
A medium pearlite graphite with no steadite or free 
carbide 
B medium pearlite graphite with 5 per cent steadite 
C medium pearlite graphite with 5 per cent free 
carbide 
Fig. 1. The effect of steadite and free 


carbides on machinability 


been cooled very rapidly. Casting 
flash often contains white iron. This 
structure is about 50 per cent pearlite 
and 50 per cent free carbide. Machining 
operations should not be carried out in 
areas where this structure is likely to form. 
Inclusions. Manganese sulphide occurs 
as a trace in cast irons. Its presence 
would be beneficial to machinability, 
but the amount present is usually so 
litle as to be of no consequence. 
Sand and slag may also occur as the 
result of faulty foundry control. 

Malleable iron. Malleable iron contains 
clusters or nodules of free graphite 
instead of flake graphite. The matrix 
structure can be similar to that of grey 
cast iron, that is, it may contain pearlite, 
free ferrite, steadite and manganese 
sulphide. The nodular graphite pro- 
duces higher mechanical strength than 
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Total volume metal 


200 300400 600 8001000 1500 
Cutting speed-ft/min 
Fig. 3. Tool life, plotted on log-log scale, 
for the same cast irons as in Fig. 
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does flake graphite. Malleable iron is 
produced by heat treating cast irons for 
from one to five days. Its use is 
limited to small section sizes and it is 
more expensive than cast iron. Recently, 
nodular irons have been produced by 
direct casting through the addition of 
magnesium or cerium alloys in the 
ladle. Such irons contain a nodular 
graphite in a matrix of pearlite or free 
ferrite. These as-cast nodular irons are 
not limited in size. They have 
mechanical properties similar to those 
of malleable iron. 

The hardness of the micro constitu- 
ents determines the abrasiveness of 
the structures, a most significant 
factor affecting tool life. In general, 
the harder or more abrasive constituents 
give a shorter tool life for a given set 
of machining conditions. The micro- 
hardness at room temperature of the 
constituents of cast iron, as measured 
with a Tukon micro-hardness testing 
machine, are given in Table I. 

Free graphite is soft and amorphous. 
It acts as a free machining agent. 
Free ferrite is the softest major con- 
stituent in cast irons. Pearlite is about 
50 per cent harder than free ferrite and 
thus gives a shorter tool life. The 
presence of steadite, which is very hard 
at room temperature, is not particularly 
detrimental to machinability when the 
content is less than 10 per cent. This 
may be attributed to the low melting 
point of steadite, which could make it 
much softer at the cutting temperature. 
Free carbide is harder than tool steel 
and is almost as hard as sintered 
carbide tool material. As a result, 
small amounts of free carbide, even as 
little as three to five per cent, drastically 
reduce tool life. The effect of free 
carbide is illustrated in Fig. 1, while 
Table II shows the relative machin- 
ability of eight typical flake graphite 
cast irons. The data in this table are 
for carbide cutters and for cutting 
speeds in excess of 300 f.p.m. 
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Total volume metal removed — in? 
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Qi-—4- ne | tt 
200 400 600 800 1000 1200 
Cutting speed-ft / min 
A fine pearlite-graphite, 218 BHN 
B medium pearlite-graphite, 215 BHN 
C coarse pearlite-graphite, 195 BHN 
D ferrite-graphite, 121 BHN 
Fig. 2. Tool life for various flake graphite 
structures 


in a 12 in circle centrally located in 
relation to the work. Cast iron test 
blocks, 6 in wide and 20 in long 
were used. 

The tests were run at cutting speeds 
up to 1,200 f.p.m. and with feeds per 
tooth up to 0-060 in. A carbide-tipped 
face mill was used in all tests. It has 
3 deg axial rake, 3 deg radial rake, 
30 deg corner angle and a resultant 
rake of 4 deg. The depth of cut was 
0-187 in and the feed per tooth 0-015 
in. Generally, the tool life is based 
upon the volume of metal removed for 
0-030 in tool wear, but certain tests 
were based on 0-015 in and 0-005 in 
tool wear. 

Selection of the cutting speed and 
the feed for any specific job is of major 
importance. Once the microstructure 


TABLE Il. TOOL LIFE INDEX NUMBERS FOR TYPICAL FLAKE-GRAPHITE 
CAST IRON MICROSTRUCTURES 


Structure 


Ferrite, graphite (Full anneal) 

50 per cent ferrite | : 

50 per cent graphite j Partial anneal 
Coarse pearlite, graphite 
Medium pearlite, graphite 

Fine pezarlite, graphite 

Fine pearlite, 5 per cent Steadite 
graphite 

Fine pearlite, 5 per cent free 
carbide, graphite 

White iron 


Test results 

Face milling tests have been carried 
out to establish data on tool life, surface 
finish and power for as-cast and 
annealed cast irons in several micro- 
structural variations. Testing was 
carried out on a fixed bed milling 
machine with a single-tooth cutter held 
in a 500 Ib flywheel. The tooth swung 


Brinell hardness 


Index number 





120 
150 
195 
215 
218 


197 


240 
over 500 


to be machined has been established, 
the optimum cutting speed should be 
determined to suit the nature of the 
job. The example, short run batches 
should normally be machined without 
there being necessity to re-sharpen the 
cutter. For such classes of work the 
best procedure is to calculate the total 
volume of metal to be removed and 
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Total volume metal removed —in 


10 300 1000 1500 


Cutting speed-ft / min 


Fig. 4. Tool life for 0-015 in flank wear in 
cutting the same cast irons as in Fig. 2 


divide by the number of teeth in the 
cutter to obtain the tool life required 
per tooth. Large quantity, continuous 
production jobs require a tool life such 
that cutter changes will be economically 
synchronized with the flow of materials 
and the schedule of operations. 

Test results for four major cast iron 
structures are shown in Figs. 2 and 3. 
In Fig. 2 the results are plotted on 
rectangular co-ordinates, and the same 
results plotted on log-log co-ordinates 
are shown in Fig. 3. They show that 
the maximum tool life is obtained at a 
cutting speed of 300 f.p.m. for all 
four structures. Below this speed, 
tool wear is not uniform and localized 
wear shortens tool life. Maximum tool 
life is not however the sole considera- 
tion. Rather, the ultimate aim is to 
get the highest possitle production at 
the lowest possible price. The data 
presented in Figs. 2 and 3 can help the 
selection of the most economical speed 
and feed. 

In using these data it is first necessary 
to determine the type of microstructure 
that is to be machined. This involves 
the economics of annealing and heat 
treating. For example, when final 
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mechanical characteristics are not 
critical, the cost of annealing may be 
justified by the higher production rate 
and the increased tool life it makes 
possible. At a constant tool life of 
200 cubic inches of metal removal the 
increase in production rate as between 
a fine pearlite structure and fully- 
annealed ferritic iron is 500 per cent, 
that is, the cutting speed can be in- 
creased from 300 f.p.m. to 1,500 f.p.m. 
or, at a fixed cutting speed of 500 f.p.m. 
the increase in tool life would be 800 
per cent, from 85 to about 680 cubic 
inches of metal removed. 

In continuous high quantity produc- 
tion, tool life should be so determined 
that tool changes are synchronized with 
other necessary production breaks. 
For such applications, the cutter, as 
well as the speed and feed, is chosen 
so that all the factors are in equilibrium. 
Since the tool life and point will seldom 
be exactly 0-030 in, because of the 
many variables involved, Figs. 4 and 5 
are given to show metal removal for 
0-015 in and 0-005 in tool wear. Fig. 6 
gives the rate of tooth wear at different 
cutting speeds, while Fig. 7 shows the 
actual time the tooth is in contact with 
the work, which is something less than 
one-half cutter revolution. It is not the 
total time required to remove the 
volume of metal. To convert this 
into information pertinent to a specific 
job, the ratio of cutting time to total 
time must be calculated from the 
cutter diameter, the width of the cut 
and the location of the cutter with 
respect to the work. 


Surface finish and power 


For a given cast iron and cutter, 
surface finish improves as cutting speed 
increases. Between 22 f.p.m. and 
1,200 f.p.m., the Profilometer reading 
falls by from 50 to 100 microinches, 
depending upon the microstructure 
of the cast iron and the condition of the 
cutter. At constant cutting speed, the 
surface finish is better with irons of 
finer structure, especially as the quan- 
tity of free graphite decreases. If feed 
marks are undesirable, the face or end 
cutting angle may be reduced to zero 
to give a land for at least twice the 
feed per tooth. 
This will further 
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A 210 f.p.m.; B 250 f.p.m.; C 510 f.p.m.; D 670 f.p.m.; E 1,150 f.p.m. 
Fig. 6. Rate of tooth wear at different cutting speeds 
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increased, because 
a thicker chip is 
removed from the 
same contact area 
between tool and 
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Fig. 5. Tool life for 0-005 in flank wear in 
cutting the same cast irons as in Fig. 2 


chip. The power required may increase 
as much as three times when the 
cutter becomes dull. 


Comparison of flake and 
nodular cast irons 

Investigations have been carried 
out for comparing the tool life, the 
surface finish and the power require- 
ments in turning operations on grey 
cast irons (flake graphite) and ductile 
cast iron (nodular graphite). In these 
tests the emphasis was on the tool life 
obtainable with material of a certain 
microstructure, and on the mechanical 
properties, hardness, strength, etc, 
of the structure. 

Four compositions of flake graphite 
irons and three of nodular irons were 
used. The chemical analyses and the 
mechanical properties of these irons are 
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A fine pearlite-graphite, 218 BHN 

B medium pearlite-graphite, 215 BHN 
C coarse pearlite-graphite, 195 BHN 
D ferrite-graphite, 121 BHN 


Fig. 7. Tool life in actual cutting time 
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COMPARATIVE COMPOSITIONS, MECHANICAL PROPERTIES AND TOOL LIFE 


OF NODULAR-GRAPHITE AND FLAKE-GRAPHITE CAST IRONS 


Composition 


2 


per cent 
as cast 


Manganese 

Phesphorus 

Sulpaur 

Silicon 

Nickel 

Magnesium 
Molybdenum 

Chromium 

Mechanical properties 
Brinell hardn2ss 

Ultimate tensile strength Ib in* 
Yield point Ib in’* 

per cent elongation 2 in 
per cent reduction in area 
Cutting speed ft/min for 
280 in’ tool life 


2-0 


15 


200 


given in Table III. All seven irons 
were machined in the as-cast condition. 
Subsequently, one of the grey irons 
and two of the nodular irons were 
annealed and again machined. In 
every case the annealing cycle was:— 
hold at 1,650 deg F for 30 minutes, fur- 
nace cool to 1,275 deg F and hold for 
five hours, then air cool. 

In the flake graphite irons the micro- 
structures investigated were essentially: 
acicular, fine pearlite, coarse pearlite 
and ferrite. The acicular structure is 
typical of a hard, highly alloyed cast 
iron. Ordinary as-cast grey iron is 
represented by the fine and coarse 
pearlite, while the ferritic iron is the 
same iron annealed. The respective 
Brineli hardnesses are 263, 225, 195 
and 100. 

From their respective ductilities, the 
three nodular irons are designated the 


A acicular iron, 263 BHN 
B fine rearlite, 225 BHN 
C coarse pearlite, 195 BHN 
D ferrite, 100 BHN 
Tool life in minutes in cutting 
various flake graphite cast irons 


+ 


Fig. 8. 


97,250 
79,000 


Nodular Graphite irons 
4 17 20 22 
percent percent percent per cent 
ascast ascast annealed annealed 


3-69 
0:27 
0-045 
0-014 
2-64 
1-15 
0-060 


3-82 2:79 
0-23 0:53 
0-082 0-09 
0-018 0-014 
3-04 2-76 
1-13 1:59 
0-082 0-071 


3-4] 
0-42 
0-09 
0-014 
2-82 
0-81 
0-073 


207 
84,700 
72,000 69,800 
4-0 17°5 
3-5 165 


183 
77,000 
62,000 

20-0 
21-0 


215 
93,000 


310 420 600 


2 per cent, the 4 per cent and the 
17 per cent analyses. The 2 per cent 
has a structure consisting of about 
80 per cent fine pearlite and 20 per cent 
free ferrite plus nodular graphite, with 
the ferrite surrounding the graphite 
nodules. In the four per cent iron the 
composition is about 40 per cent fine 
pearlite and 60 per cent ferrite plus 
nodular graphite, and the 17 per cent 
structure is similar. The respective 
Brinell hardnesses as-cast are: 275, 
215 and 207. Annealing to produce 
ferritic structures was carried out on 
the 2 per cent and the 17 per cent irons. 
As a result of the annealing the elonga- 
tion of the 2 per cent increased to 
20 per cent, and that of the 17 per cent 
to 22 per cent. The respective hard- 
nesses were 183 and 170. 


Test procedure 

Standard carbide-tipped tools were 
used in a special tool-holder that gave 
maximum rigidity and eliminated over- 
hang. Tool grinding was carried out 
on a Cincinnati tool grinder with a 
resinoid-bonded diamond wheel. In 
re-sharpening, all previous defects plus 
0-005 in were removed from all surfaces 
of the carbide. The tool angles were:— 
zero back rake, 6 deg side rake, zero 
side cutting-edge angle, 6 deg end 
cutting-edge angle, 6 deg relief, and 
0-015 in nose radius. In every test the 
depth of cut was 0-100 in and the feed 
0-010 in per revolution. Cutting speeds 
from 150 to 1,000 f.p.m. were em- 
ployed. All tests were run without a 
cutting fluid, and 0-030 in flank wear 
was chosen as tool life end point. 

The relationships between tool life 
and cutting speed for the several irons 
are shown in Figs. 8 and 9. Tool life 
in minutes against cutting speed for 
flake graphite is shown in Fig. 8 and for 
nodular graphite in Fig. 9. Tool life 
in cubic inches of metal removal is 
shown in Fig. 10. Of the flake graphite 
irons, the acicular is the least machin- 
able and the ferritic the easiest to 
machine, For 200 cubic inches metal 
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I 


Flake Graphite Irons 





Fine Coarse | Ferrite 


ron Pearlite Pearlite Annealed 


3-22 3-47 
0-62 : 0:35 
0-08 ‘ 0:05 
0:133 
1-62 


2-78 
1-03 
0-12 
0-064 
2:30 
2-11 


0-097 
2:10 
0:85 
0-32 - = 
0-64 . 


225 
45,000 


195 
35,000 


100 
17,500 


263 
59,000 


325 960 


removal at 0-030 in flank wear, the 
following cutting speeds could be used 
for the flake graphite irons:— 
Acicular 150 f.p.m. 
Fine pearlite, graphite 310 f.p.m. 
Coarse pearlite, graphite .. 325 f.p.m. 
Ferrite, graphite . 960 f.p.m. 
With the nodular-graphite irons, tool 
life improved as the ductility increased 
and as the hardness decreased. For 
200 cubic inches metal removal at 
0-030 in flank wear, the following 
cutting speeds could be employed:— 
2 per cent as-cast .. . 200 f.p.m. 
4 per cent as-cast . 310 f.p.m. 
17 per cent as-cast . 420 f.p.m. 
4 per cent annealed . 600 f.p.m. 
2 per cent annealed . 970 f.p.m. 
~ These results are informative. The 
acicular structure gives the hardest 
and strongest of the grey iron series and 
a cutting speed of 150 f.p.m. can be 


| 


| 


] 
| 
a 
+ 

















Lae) 


wo > oo woo 


Tool life — min 


Mh 





Sie Fh 
200 300400 600 8001000 
Cutting speed ft/min 


A 2 per cent as-cast, 265 BHN 
B 4 per cent as-cast, 215 BHN 

C 17 per cent as-cast, 207 BHN 
D 20 per cent annealed, 183 BHN 
— 22 per cent annealed, 170 BHN 


Fig. 9. Tool life in minutes in cutting 
various nodular graphite cast irons 
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used for 200 cubic inches metal 
removal, whereas the weakest 
and softest nodular iron, the 
22 per cent annealed, is much 
stronger than the acicular iron 
and a cutting speed of 970 
f.p.m. can be used for a tool life 
of 200 cubic inches metal re- 
moval. Ina flake-graphite iron, 
this speed is possible only when 
the material is in the fully-an- 
nealed condition with only 
one-fourth the strength of aci- 
cular iron. The strongest 
nodular iron equals the acicular 
in hardness, is 50 per cent 
stronger and for the same tool 
life permits the use of a one- 
third higher cutting speed. 

Surface finish is affected by 
microstructure, tool sharp- 
ness and _ cutting speed. 
Higher cutting speeds and 
worn tools both tend to 
improve surface finish on 
both  flake- graphite and 
nodular-graphite cast irons. 
Test results are shown in Figs. 11 and 
12. In general, the surface obtained in 
machining the nodular graphite irons 
is of the same order as that obtained 
on the flake-graphite irons, but the 
2 per cent as-cast nodular-graphite iron 
machined with a far higher degree of 
finish, even at low cutting speeds, than 
any of the other nodular- or flake- 
graphite irons. For a given set of 
conditions, annealed cast irons show 
the poorest surface finish. This is 
because the structure has more ferrite 
and is coarser. 


Volume metal removed — in* 


Drilling tests 

Multi-spindle drilling is one of the 
commonest operations in an auto- 
mobile factory. In connection with this 
type of operation, an interesting series 
of tests was carried out to determine 
two important points, (a) to discover if 
any improvements could be made in 
drill geometry to increase drill life, 
and (b) to determine statistically the 
optimum production point at which to 
remove and replace all drills in order 
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Fig. 10. 
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200 
Cutting speed —ft/ min 


A, B and C as in Fig. 8 D, E, F and G as in Fig. 9 


Comparative tool life in volume of metal removed. 


to minimize idle time and work 
stoppages. 

Five tests were carried out on a 
16-spindle machine set at 0-008 in 
feed per revolution and a spindle speed 
of 700 r.p.m. to give a cutting speed of 
85 f.p.m. All drills were of 18-4-1 
high speed steel and the drill particulars 
were :— 
Test 1. Hand ground, 118 deg point 
angle. 
Hand ground, 100 deg point 
angle. 
Machine ground, 
point angle. 
Machine ground, 100 deg 
point angle with an additional 
60 deg chamfer on the drill 
lip. 
Similar to 4, but the casting 
skin was removed by milling 
before the drilling operation. 

In production of this character, drills 
are usually run until they fail, because 
there has been no practical way to 
measure the degree of wear on indi- 
vidual drills. Drill failure is readily 


Test 2. 


Test 3. 100 deg 


Test 4. 


Test 5. 
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detected, by noise, chatter 
and over-heating and by the 
damaged holes that are pro- 
duced. In test No. 1 the 
first drill failed after 75 holes, 
the second at approximately 
220 holes, while by 360 holes 
10 drills had failed. Two 
drills were still in service 
after 500 holes. 

In test No. 2 the early 
failures were higher than in 
test No. 1, but after 650 
holes there had been only 
eight failures and the remain- 
ing eight drills were still in 
service. In test No. 3, the 
first with machine ground 
drills, only six drills had 
failed after 600 castings had 
been machined. With the 
double-point, machine ground 
drill used in test No. 4 there 
were failures for the first 
630 holes per drill. At 800 
holes, three had failed, at 
900 seven, at 1,000 fourteen, 
and two drills lasted for 1,100 holes. 
Test No. 5, with the same form of 
drill, but with the work milled to remove 
the casting skin, produced 1,100 holes 
per drill with only two failures. 

Microstructure was not one of the 
controlled variables in these tests, but 
all the castings were assumed to have 
the same structure. There is, however 
no doubt that structure variations in 
small areas were responsible for most 
of the early drill failures. The presence 
of carbides and white iron, constituents 
that frequently occur in thin sections 
or near bosses, can be extremely 
detrimental to tool life. In this con- 
nection, the milling of the casting skin 
prior to drilling, in addition to removing 
scale and inclusions, often gets far 
enough below the surface to enter a 
region with a microstructure different 
from that at the surface. 

As a result of these tests, it was 
decided to standardize on _ the 
production sequence and type of drills 
used in test No. 5, and to remove and 
replace all drills after every 800 castings. 
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A 2 per cent as-cast, sharp tool 

B 2 per cent as-cast, dull tool 

C 4 per cent as-cast, sharp tool 

D 4 per cent as-cast, dul! tool 

E 20 and 22 per cent annealed, sharp tool 


Surface finish on nodular graphite cast iron 


A pearlite-graphite, dull too! 
B pearlite-graphite, sharp tool 
C ferrite-graphite, sharp tool 


Surface finish on flake graphite cast irons Fig. 12. 
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TAPPETS 


A Special Scrivener Machine for End-forming Operations, 


OME of the 
latest devel- 
opments in 


valve tappets have 

raised difficulties 

in grinding the 

head forms. These 

head forms may 

be a plain flat, a 

chamfer-and-fiat, 

or a slight dome, 

but in every case 

the head form 

must be square 

with the axis of 

the tappet within 

plus or minus one 

degree. For grind- 

ing a range of 

such tappets an 

interesting auto- 

matic, specicl-rur- 

pose machire has 

been developed by 

Arthur Scrivener 

Limited, Tyburn 

Rd., Birmingham. 

It is illustrated in Fig. 1. 
This machine may be considered as 

being comprised of four individual 

units. They are: (1) the grinding 

head, (2) a five-station turret, (3) an 

automatic loader, and (4) the controlled- 

cycle mechanism. The grinding wheel 

is 20 in diameter by 2 in wide. It 

runs at 1,150 r.p.m. Wheel-truing 

to the specified form is effected by 

means ofan hydraulically-operated form- 

truing apparatus working in conjunc- 

tion with a suitable former plate. While 

it is in contact with the grinding wheel, 

the workpiece is rotated by an inde- 

pendently driven control wheel 10 in 

diameter and 1}? in wide. 


Fig. 1 


Fig. 2. Detail view of work applied to grinding wheel 


Special Scrivener machine for grinding valve tappet heads 


Fig. 2 shows a detail view of the 
workpiece in contact with the grinding 
wheel and Fig. 3 a detail view of the 
loading chute, turret and control wheel. 
In operation the workpieces W are 
fed down an inclined chute, and loaded 

1 to the pins of a five-face turret by 
the pusher A as the turret makes a 
momentary pause at this loading station. 
The turret is indexed by a conventional 
Geneva mechanism that indexes 10 
times for one complete revolution. 
This is necessary to give an inter- 
mediate station for loading. 

When theturret has been indexed to the 
grinding position, the controlled-cycle 
mechanism at the side of the machine 


Fig. 3. 


operates toadvance 
the turret to bring 
the work into con- 
tact with the 
grinding wheel B. 
The control wheel 
C imparts rotation 
to the work. As 
it is essential that 
the ground head 
of the tappet 
should be square 
with the axis, the 
work is located 
from the previ- 
ously ground body, 
and the turret pin 
upon which it is 
mounted is merely 
a carrier. During 
the actual grinding 
operation, the 
pressure of the 
control wheel 
forces the tappet 
against two parallel 
rollers R= along- 
side the carrying pin. This gives 
three-point location and ensures that 
the head is ground with the sides 
within the specified tolerance. The 
carrier pins are fixed in hardened 
and ground steel blocks on the turret 
faces. 

Automatic loading from the inclined 
chute is effected by the pusher A which 
is operated by a linkage and cam from 
the turret head so that the movements 
of the turret and the pusher are 
synchronized. On the valve tappets 
for which this machine is used, the 
stock removal is usually in the order of 
0-008 in to 0:010 in. Production is 
at the rate of 300 pieces per hour. 


Loading chute, turret and control wheel 
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CONSERVING SCARCE MATERIALS 


New Specifications for Casehardening Steels 


been causing increasing concern 

to a number of British industries 
and specifically to motor manufac- 
turers. To a considerable extent this 
is a consequence of the decision of 
the Western Powers to carry out a 
vast programme of rearmament. 
Efforts have been made to produce 
sufficient goods and services to satisfy 
not only the requirements of rearma- 
ment but also the demands of civilian 
consumption, which has been rising 
steadily in the post-war years. An 
additional factor accentuating the 
situation is that world production of 
basic raw materials has not in recent 
years been increased at the same rate 
as world production of goods. Much 
is being done to expand supplies of 
basic materials in different parts of 
the world, but these measures are 
mainly long term in character and 
cannot be expected to relieve the 
current scarcities resulting from re- 
armament. The position is further 
aggravated by the need for stockpiling 
to cover the potential requirements of 
full-scale rearmament. 

During June and July last year a 
team of specialists visited the United 
States of America to study the steps 
taken in that country to meet these 
shortages and to report on any measures 
that might be of help to British 
industry. The team confined its 
attention to the engineering and allied 
industries and as a result the survey 
is almost wholly concerned with 
scarcity in supply and economy in the 
use of metals. A large section of the 
Report* deals with advances that have 
been made in recent years in the use 
of low-alloy or plain carbon steels. 

British industry, of course, has had a 


© een causing of materials have 





*Savine Scarce Materials. Anglo-American Council 
on Productivity, 21, Tothill Street, London, S.W.1. 
Price 2s. net. 


good deal of experience, both during 
and since the War, in effecting 
economies in scarce materials. The 
decision to send a team to America 
was no reflection on the careful 
husbandry exercised in Britain, but 
was an expression of the determination 
to investigate all means that could 
possibly assist in conserving scarce 
materials, many of which originate in 
the U.S.A. 

The problems arising from the 
serious shortages of alloying elements, 
particularly nickel, have necessitated 
reconsideration of many alloy steel 
Specifications. Alloy casehardening 
steels have traditionally been rich in 
nickel, although it has been realized 
for some years that this element is not 
strictly necessary in amounts greater 
than approximately 2 per cent, even 
for the highest core strengths. Cover- 
ing the tensile strength range of 
from 40-85 tons /in?, B.S.970 originally 
specified the En 33 to En 39 series of 
low-carbon, alloy casehardening steels 
in which the nickel content varied 
between 2 per cent and 5 per cent. 
The straight 5 per cent Ni steels 
En 37 and 38 were suitable for core 
strengths up to 65 tons/in? minimum, 
and were accompanied by other steels 
of lower nickel content, usually con- 
taining chromium with or without 
molybdenum (En 33 to En 36). For 
the 85 tons in® range, a 4-25 per cent 
Ni, 1:25 per cent Cr steel, with or 
without molybdenum, was thought 
to be necessary. 

Faced by acute nickel shortages 
during the war, the Germans evolved 
a 2 per cent Ni, 2 per cent Cr-Mo 
steel, later incorporated in B.S.970 as 
En 320. It was soon discovered, 
however, that the chromium content 
of this steel was too great, and although 
the minimum core strength of 85 
tons in? was attainable, the carburized 


COMPOSITIONS AND PROPERTIES 
En 354 


En 352 En 353 


case was of poor quality owing to the 
formation of an excessively heavy 
network of free carbides. A further 
attempt at producing a lower alloy 
casehardenning steel was En 325, 
containing about 1-75 per cent Ni, 
0-5 per cent Cr, and 0-25 per cent Mo. 
While this steel was quite successful, 
the core strength achieved on blank- 
carburized 14 in diameter test bars 
after the standard refining and harden- 
ing treatments was only 55 tons in?. 

Reconsideration of specifications was 
entrusted to a Technical Committee, 
with Mr. H. H. Burton as its chairman, 
which is responsible to the Ministry 
of Supply Steel (Rearmament) Panel, 
under the chairmanship of Mr. E. W. 
Senior. One of the earliest tasks of 
this committee has been to draw up 
emergency specifications replacing the 
alloy casehardening steels En 33 to 39 
and En 325. These new specifications, 
En 351 to En 355 and En 361 to En 363, 
have been endorsed by the appropriate 
Committees of the British Standards 
Institution, and are now issued as an 
Addendum to B.S.970*. 

The compositions and properties of 
the new steels are summarized in the 
table. Apart from the large saving in 
nickel, the outstanding features are 
as follows:— 

(1) Manganese content has _ been 
slightly raised where possible. 
Chromium content has been regu- 
lated with due regard to the 
nickel content, to avoid excessive 
free carbides in the case. 

Full advantage has been taken 
of the disproportionate beneficial 
effects of low molybdenum con- 
tents. Most of the molybdenum 
in all the steels, except En 354 
and En 355, may be expected to 


(2) 


(3) 


+Addendum No. li November, 1951, to B.S.40. 
1947, Wrought Steels, Emergency Spectfications for 
Case-Hardening Steels. British Standards Institu- 


tion. Price Is. net. 


En 362 En 363 





Tensile Range 


55-65 65-75 75-85 


55-65 65-75 





En Steels Replaced 


35,36,325 36,38 New Range 


39 . 35,36,325 


36,38 





Composition—per cent 
Carbon .. ats 
Silicon 
Manganese 
Nicke! 

Chromium 
Molybdenum 
Sulphur .. 
Phosphorus 


0:22 max 
0-35 max 
0:50-1:00 
1:00-1:50 
0:75-1:25 
0:08-0°15 
0-05 max 
0:05 max 


0-22 max 
0-35 max 
0:50-1:00 
0-85-1:25 
0-60-1-00 
0-10 max 
0-05 max 
0:05 max 


eooorooso 


0:20 max 
0-35 max 
0:40-0:70 
1-80-2-20 
1:40-1:80 
0-15-0°25 
0:05 max 
0-05 max 


0-18-0-23 
0:35 max 
0:70-1:00 
0:40-0:70 
0-55-0-80 
0-08-0°15 
0-05 max 
0-05 max 


0-22-0:26 
0-35 max 
0-70-1-00 
0:40-0:70 
0:55-0:80 
0-08-0-15 
0-05 max 


0-05 max 0-05 max 





55 min 
15 rin 
15 min _ 


45 min 
18 min 
25 min 


85 min 
12 min 
25 min 


55 min 
15 min 
20 min 


Ultimate Tensile strength—tons in* 


Elongation—per cent . 
Izod Impact—ft-lb ; 


65 min 
12 min 
20 min 


65 min 





come from remelted alloy scrap, 
at least during the change-over 
period. 

The gap between the 65- and 
85-ton steels has been closed by 
the provision of En 354, suitable 
for a tensile strength of 75 
tons in? minimum. 

Since not only molybdenum but 
also the other alloying elements 
will be obtained as far as possibe 
by remelting alloy scrap, two 
alternative specificatons have been 
provided for each of the three 
tensile strength ranges between 
45 and 65 tons in®. 

From the user’s point of view the 
chemical composition of a steel is of 
secondary importance to its suitability 
for the task it is called upon to perform. 
The new steels will caseharden satis- 
factorily by all the normally used 
carburizing processes and will give the 
required minimum ultimate tensile 
strength. That the hardenability is 
adequate is evident from the fact that 
oil hardening is specified. The only 
apparent practical difference between 
these and the original En alloy case- 
hardening steels is that they are lower 
in Izod impact value. It must, of 


AUTOMOBILE 
ENGINEER 


course, be pointed out that, as is 
usually the case, the actual impact 
values obtained from correctly made 
and processed steel are considerably 
in excess of the specified minima. 

In terms of actual behaviour, the 
difference between a steel with 50 
ft-lb Izod and another steel with 
25 ft-lb rating but otherwise identical 
properties, is difficult to define. For 
all normal purposes it is probably 
non-existent. The real value of Izod 
testing is as an indication to the 
producer or user that one particular 
batch is comparable in quality with 
another batch of the same material. 
Where the datum line is located is a 
matter of much less concern, provided, 
of course, that highly notch-sensitive 
material is not put into service under 
adverse conditions. 

With casehardening steels, the ques- 
tion is further complicated by the 
known fact that the carburized case 
itself has poor Izod properties. So 
long as the core has adequate strength 
and ductility, therefore, its impact 
value would appear to be a secondary 
consideration. 

It must be remembered that the 
new alloy casehardening steel specifica- 
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tions are the end result of very exten- 
sive investigations in which the steel- 
makers and the major steel users have 
co-operated wholeheartedly. Those 
responsible for the work are to be 
congratulated on their thoroughness 
and on the scale of the economies 
they have achieved. 

Some comfort may be derived from 
the statement of Dr. J. F. Thompson, 
Chairman and President of the Inter- 
national Nickel Company of Canada 
Ltd., on 20th December, 1951. He 
announced that world production of 
nickel, excluding Soviet Russia and 
her satellite countries for which no 
reliable estimates are available, for the 
year 1951 would be approximately 
295 million pounds. This represents 
a 10 per cent increase over production 
in 1950. Of this figure Canadian 
producers were responsible for 275 
million pounds, or more than 90 per 
cent. Extension of capacity by estab- 
lished producers, as well as new 
potential producers, will ensure con- 
tinuance of supply and by 1954 
is conservatively estimated to pro- 
vide an increase of approximately 
30 per cent over that available before 
the outbreak of the Korean conflict. 








ECTRICAL MACHINING 


\ovel Method of Metal Removal 


A NEW machining method which 
employs the direct use of electric 
energy, has been developed by the 
Method X Corporation of Philadelphia, 
Pennsylvania, U.S.A., an affiliate of 
the Firth Sterling Steel and Carbide 
Corporation. It can be used for 
machining any electrically conductive 
material. The Method X machine, as 


it is called, removes metal by means of 


an electric spark discharge that does 
not otherwise affect the physical or 
chemical characteristics of the work 
material. 

The machining action arises from a 
mechanical, not a thermal, effect of 
electricity. This effect is obtained by 
the use of extremely high current 
densities, which set up internal mecha- 
nical stresses and thereby cause the 
metal particles to detach themselves 
from the work material without resort 
to melting. As a result, the exposed 
surfaces are unchanged. Some remark- 
able results have been achieved. For 
example, lapping of less than 0-001 in 
will produce any desired finish down 
to 0-15 microinch on sintered carbide. 
Centre-to-centre spacing of holes can 
be controlled to approximately 0-0005 in 
and blind hole fillet radii can be pro- 
duced as small as 0-002 in. This new 
process is particularly suitable for use 
on such hard-to-machine materials as 
sintered carbides, super-alloys, S-816, 
vitalium, and hardened steels. Such 


materials can be machined economic- 
ally and rapidly into complicated 
geometric shapes. 

An electrode made to the desired 
shape is fed directly into the workpiece 
by the Method X machine to produce 
the required form. This produces a 
rough shaped hole. To complete the 
machining, the eroded end of the 
electrode is removed, and after the 
necessary electrical adjustments have 
been made, the electrode is again fed 
directly into the workpiece. In appear- 
ance, the machine resembles a vertical 
drilling machines. It has a pedestal- 
type base, an electrode feed and control 
mechanism and a remote-unit power 
supply. The electrode feed is auto- 
matically controlled by an amplidyne 
and associated circuits to allow optimum 
cutting speeds to be maintained for a 
given cutting condition. With the 
machine work-table, provision is made 
for longitudinal, lateral and vertical 
traverse, and full rotation for work 
alignment. 

A dielectric fluid, such as fuel oil, 
kerosine, or a special compound, 
Dielectro X, is used to enclose the 
cutting operation. There are two 
reasons for immersing the work in a 
dielectric fluid: first, to build up 
electric resistance so that the energy 
storage devices in the machine may be 
fully charged before discharge, and 
second, to flush the loosened particles 


from the work area. Fluid is lost only 
in negligible quantity through evapora- 
tion and carry-off on the work. 

A highly conductive, easily machined 
material is used for the electrodes. 
Brass is commonly used, but other 
conducting materials may be employed. 
The electrode form is usually a negative 
of the shape to be produced. This allows 
the machining to be effected with the 
head moving vertically, When the 
machine has to revolve or the work- 
table traverse, for an irregular internal 
contour, an electrode of brass wire 
bent to the necessary working angle is 
all that is required, since the tool does 
not make physical contact with the 
work. (1990) 


Catalogue Library 

THE Engineering Centre, 351, 
Sauchiehall Street, Glasgow, C.2, 
has opened a Catalogue Library which 
contains the literature of more than 
3,000 firms and also a complete set of 
British Standards. The facilities offered 
by this source of information are already 
being put to good use by consultants, 
designers, draughtsmen and buyers, 

as well as by many overseas visitors. 
Manufacturers who are not already 
collaborating are invited to forward 
their current literature. (1988) 
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FATIGUE OF STEELS 


Data on Fatigue and their Application to Design 





to use the well-known stress- 

strain curves for materials and 
how important are the ultimate failure 
and yield points to the designer. On 
the other hand, the application of 
fatigue data, such as S-N diagrams 
and Goodman diagrams, to design is 
not so widely appreciated. It is rather 
surprising that this state of affairs 
should exist in the motor industry, 
particularly as most of the failures that 
occur are due to fatigue. However, 
it is probably largely attributable to the 


Bie: engineer understands how 


of material 


This article is based mainly on the first 
part of the M.I.R.A. report entitled 
The Fatigue Strength of Steels by 
R. J. Love, at the end of which is a list 
of 260 references covering almost every 
aspect of the subject. The second part 
of the report, dealing with the influence 
condition and 
treatment, has not been incorporated 
here as it is to be the basis of a paper to 
be contributed to a symposium, on the 
Properties of Metallic Surfaces, that 
will be held by the Institute of Metals in 
the Autumn of 1952. 


definitely related to impact strength, 
ductility or damping capacity. 

Size is another important factor 
influencing fatigue strength. The 
limiting fatigue stress of a component 
of a particular shape is usually reduced 
as its size is increased. It is most 
marked in diameters up to about | in, 
but it does not alter appreciably 
with greater diameters. 


surface 


S-N diagrams and their 
application to design 
The fatigue characteristics of a 





fact that insufficient information is 

available as to the numbers of stress reversals to be expected 
during the lifetime of a vehicle, particularly in the case of 
the structure. 

Research on this subject could furnish very useful 
information to the industry. The national research 
establishments test materials and supply basic data regarding 
their properties, such data being of general use to the 
whole of engineering industry. On the other hand, it 
would appear to be the duty of each individual industry to 
conduct the research necessary for the application of this 
data in their own narrower and specialized fields of opera- 
tion. A certain amount of work has been carried out on 
this aspect of the problem by M.I.R.A. and other establish- 
ments, but there is still a great deal more to be done. 

Before discussing how design criteria obtained as a result 
of research can be applied, it is necessary to describe 
briefly something of the nature of fatigue and the methods 
of presentation of data. Under a static load a material 
will, of course, fail at its ultimate tensile stress, but under 
fluctuating loads it may fail at a stress lower than that. 
Fewer cyclic variations are needed to produce failure at a 
high stress than at a low one, and there is a stress level 
below which the number of reversals to produce failure is 
so large that, to all practical intents and purposes, failure 
due to fatigue will not occur. This is termed the /imiting 
fatigue stress, the fatigue limit, or the endurance limit, 
and it must be qualified by specifying the number of 
alternations necessary to produce failure at this stress. 

Failures occurring as a result of many applications of 
stress may be easily recognized, as they usually show very 
little distortion even though the material may be, according 
to a tensile test, very ductile. The fractured section usually 
shows two separate features ; a brightly polished zone in 
the area of initial rupture that is almost invariably at the 
surface, and a rough, crystalline zone in which the crack 
grew with increased rapidity until the final breakdown. 

It is well known that the fatigue strength of a part may 
be reduced by the introduction of some surface discontinuity 
such as fillet, keyway, or hole. The amount of reduction 
of strength brought about in this way is a measure of what 
is called the notch sensitivity of the material. Laboratory 
measurements of notch sensitivity are usually made by 
comparing the fatigue strength of plain bars with that of 
bars carrying circumferential notches or transverse holes. 
A fact not so widely appreciated is that notch sensitivity 
is more pronounced in steels of high tensile strength, so 
that for notched parts the use of a material of this nature 
may not result in a proportionately high fatigue strength. 
On the other hand, sensitivity does not appear to be 


material are usually shown on an 
S-N diagram, or fatigue curve, in which the number of 
cycles of stress N to produce failure is plotted against the 
stress S. Three methods of plotting the S-N diagram 
for an 80-ton steel are shown in Fig. 1. The relationship 
between S and N is perhaps best seen when N is plotted to 
a logarithmic scale. Frequently both S and N are plotted 
in this manner, but in most cases the difference between 
the semi-logarithmic and the logarithmic method of plotting 
is not very great. A useful feature of these two methods of 
plotting is that they produce a fatigue curve that often can 
be conveniently represented by two straight lines: a 
sloping line showing the increase of cycles for decrease of 
stress, joined by a horizontal line at the limiting fatigue 
stress. 

For steels, the knee of the fatigue curve usually occurs 
between 0:5 10% and 5-0 10® cycles of stress. The 
values vary with the hardness of the steel, in general, the 
harder the steel the lower the value. Only a little extra 
knowledge is gained by continuing fatigue tests past 
5-0 10° cycles, Ref 1. However, the existence of an 
absolute fatigue limit within this range of cycles does not 
appear to be likely, as failures occurring at tens of millions 
of cycles have occasionally been encountered, Ref 2. 

A useful estimate of the limiting bending fatigue stress 
for a steel may be obtained from the ultimate tensile 
strength. The ratio: 


rotating beam limiting fatigue stress 
ultimate tensile stress 





is called the endurance ratio, and for a large number of 
steels it is about 0-5. Only a few have an endurance ratio 
outside the range of 0-4-0-6. An estimate of the limiting 
fatigue stress can also be made from a hardness measure- 
ment, since the Brinell hardness number is related to the 
ultimate tensile strength. B.H.N.0-1 will give an 
approximate value in tons/in? for the limiting stress, Ref 1. 

There are, of course, other types of fatigue failure 
besides those induced by bending. Under axial loading the 
limiting stresses are usually lower than those obtained by 
the rotating beam method. In general, three explanations 
have been given that might account for the difference. 
Under axial load a greater volume of material is subjected 
to the maximum stress, so that there is a greater probability 
of there being a weak spot in the test specimen subjected 
to high stress. In the second place, it is very difficult 
to obtain true axial loading and, as a result, bending 
stresses are probably superimposed on the axial stress. 
Furthermore, stress gradient is important in relation to 
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Fig. 1. An S-N diagram for a high carbon, ton steel (rotating 


beam tests) 


fatigue: material under a low stress gradient cannot 
withstand such a high stress as material under a high one. 
The average ratio : 

axial loading fatigue strength 


rotating beam fatigue strength 


for tests on 42 steels was 0-82, and of these, 90 per cent 
were within the range 0-60-1-00, Refs 3, 4, 5 and 6. 
Torsional fatigue tests usually give limiting stresses 
lower than the rotating beam values. For 48 steels, Ref 1, 
the average value of the ratio : 
___ limiting shear stress 


limiting rotating beam stress 


was 0-56, the ratios being within the range of 0-45-0-65 
for 90 per cent of the results. 

As far as design is concerned the limiting fatigue stress 
is used for components that must withstand certain loads 
for a very large number of alternations. If the component 
is to have a definite life, or is only likely to undergo a 
limited number of reversals, a higher stress as indicated 
by the S-N curve may be used. 


Goodman diagrams and the influence of stress range 

So far, fatigue properties have been considered only 
under conditions in which the stress alternates between 
tensile and compressive values of equal magnitude. In 


practice, however, most components are subjected to cycles 
of stress whose upper and lower values are of the same sign, 
that is to say, either tension or compression; or between 
limits of tensile and compressive stress that are not equal in 
magnitude. Under bending and axial loading, the limiting 
stress range usually becomes smaller as the mean stress 
of the range is increased towards the ultimate stress value. 

This tendency is best illustrated by means of a Goodman 
diagram, Fig 2, in which a line CB is drawn through the 
origin at 45 deg to represent the minimum stresses applied. 
The point B represents the static ultimate stress for the 
material, and AC is drawn to represent the limiting range 
for fully reversed stresses, that is, when the mean stress is 
zero. Then AB represents the limiting maximum stress 
that may be applied, and DB is the mean stress line. For 
example, when the mean stress has a value represented by 
E, the maximum and minimum stresses of the limiting 
range are represented by F and G respectively. Goodman 
proposed that the limiting fatigue stress or, in other words, 
half the limiting stress range when the mean stress is zero, 
should be taken as one-third of the static ultimate stress. 
An alternative is a modified Goodman diagram in which AC 
is drawn to represent the limiting stress range as found by 
experiment. 


Influence of mean stress on limiting stress 

Illustrated in Fig 3 are diagrams similar to those given 
by Smith in Ref 7. They are based mostly on the results 
of tests on axially loaded specimens, although some bending 
test results are included since, in this case, failure also occurs 
as a result of normal stresses, as opposed to shear stresses. 
In the diagrams on the right, half the stress range, or the 
limiting alternating stress, is expressed as a fraction of the 
fully-reversed limiting alternating stress. 

An approximation to the variation of limiting range of 
stress with mean stress is given by line AB which, for most 
steels, will give conservative values for the limiting range 
of stress. This line does, in fact, agree with the modified 
Goodman relationship. The shaded area of the diagram 
is that in which failures occurred. A study of the shape and 
disposition of the area of failures suggests that in a few 
cases, in the range of low mean stresses, the alternating 
stress range is only slightly influenced by the mean stress. 
Furthermore, in these cases the alternating range is reduced 
in the range of high means stresses for the sole reason that 
the maximum stress of the cycle reaches the ultimate stress. 

When the mean stresses are in the higher compressive 
range, failures would appear to be indirectly due to com- 
pressive yielding rather than to direct fatigue breakdown. 
For instance, attempts have been made to apply cycles of 
stress that are completely compressive by subjecting a 
T-beam to repeated loading from zero to a maximum 
value in such a way that high compressive loads were 
induced in the web of the beam. Failures were obtained 
in the part of the cross-section nominally loaded in com- 
pression, but it was believed that yielding occurred in the 
first few cycles so that, upon the release of the compressive 
load, residual tensile stresses were induced. The actual 
stress cycle imposed was thus one consisting of a high 
compressive stress followed by a lower tensile one. 

Referring to the left-hand diagram of Fig 3a, illustrating 
the effect of mean stresses in the compressive range, the 
shaded area is again that in which failures have occurred. 
From the horizontal disposition of the straight line, it follows 
that the limiting stress range, in general, remains constant 
until higher mean stresses are reached. The maximum 
compressive stress is expressed as a fraction of the com- 
pressive yield strength which, in compression, is the 
criterion rather than the ultimate strength. The compres- 
sive yield strength is approximately equal to the tensile 
yield strength which varies from 0-5 of the ultimate tensile 
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strength in the case of annealed mild steel to 0-8 for heat- 
> FATIGUE TEST RESULTS 


treated high tensile alloy steels, Ref 8. It should be realized 
that the mean stress changes from compression to tension 
only when an appreciable value of the ratio : 


maximum compressive stress 
compressive strength 


has been reached. Ranges of stress in which both the 
minimum and the maximum values are compressive only 
occur at the extreme left of Fig 3a. 

For notched specimens, Fig 3b, the relationship between 
the limiting alternating stress and the mean stress, for 
tensile mean stresses, is similar to that illustrated in Fig 3a. 
It must be remembered, however, that the reversed stresses 
for notched specimens are considerably less than for 
unnotched ones of the same material. From Fig 3b it 
appears that the limiting alternating stress for most steels 
in the notched condition may increase considerably for the 
higher compressive mean stresses. 

In torsion, it can be seen from Fig 4a that the limiting 
shear stress remains approximately constant so long as 
the maximum stress of the cycle is below about 0-8 of the 
shearing yield strength. On the other hand, Fig 4b shows 
that for notched torsional specimens the limiting alternating 
stress is reduced as the mean shear stress is increased. This 
variation can be approximated by a Goodman type of 
relationship. It should be noted that in this case the mean 
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shear stress is expressed as a function of the torsional 
modulus of rupture. Smith points out that for 35 steels 
the ratio : 


torsional modulus of rupture 
tensile strength 





varied from 0-68 to 0:96 with an average value of 0-83, the 
higher ratios being obtained with the softer steels. 


Criteria of failure under combined stresses 

Of the many criteria of failure that have been examined 
in connection with fatigue, the distortion energy or total 
shear energy theory of Mises-Hencky appears to give the 
best results. Any tri-axial system of normal and shear 
stresses can be reduced to three normal principal stresses 
acting in mutually perpendicular planes, and for principal 
stresses P,, P,, and P,, the distortion energy, D, is 
given by: 
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Fig. 3. Influence of mean normal stress on limiting stress range 


where E= modulus of elasticity 
p= Poisson’s ratio. 
In most fatigue problems only surface stresses are 
important so that P,;=0, and the expression becomes :— 


1+ Hop 
D SE? 


When considering the distortion energy theory as a 
criterion of failure for a specified material, the a aces 
is used in the form: 

P,?+P,*—P,P,—constant 
and the constant can be determined from simple fatigue 
tests on the material. 

Knowing the rotating beam strength of the material it 
is possible, by carring out stress measurements on a part, 
to estimate from the criterion of failure its reversed load 
fatigue limit, Ref 9. 

Marin, Ref 10, claims responsibility for the development 
of the distortion energy theory for fatigue problems. He 
considers the case of combined stresses in which the mean 
of each of the applied stresses may have any value, but in 
which the stresses are applied at the same frequency and 
reach their peak values at the same time. He suggests that 
failure will occur when the distortion energy, at the peak 
applied stresses, is equal to the limiting value under a 
uni-axial fluctuating stress of the same mean value as that 
given by the mean combined stresses. In other words, it 
should be possible to reduce the state of fluctuating com- 
bined stress to an equivalent fluctuating uni-axial stress 
that can be examined in relation to the previously described 
“mean stress-limiting stress range” diagram. 

It appears that this distortion energy criterion gives 
compatible results for the special case of combined stresses 
with zero mean stresses, and for a few results obtained for 
repeated stress. It does not, on the other hand, appear to 
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give good results for the few tests that have been done with 
a more general type of loading. It should be possible, 
using the appropriate failure criterion, to predict the shape 
if the “limiting. alternating shear stress—mean shear 
stress” diagram from the “limiting alternating normal 
stress—mean normal stress” diagram. However, the 
distortion energy criterion used in this way does not appear 
to give favourable results. It is clearly desirable that more 
tests be carried out to investigate fatigue strength under 
combined stress. 

Gough and Pollard, Refs 11 and 12, carried out tests 
in which reversed normal stresses were imposed at the same 
time as reversed shear stress, both stresses reaching their 
zero values at the same time. Their tests gave results that 
were fairly consistent with the distortion energy criterion, 
but they suggest that the best method of determining the 
values of a normal stress f and a corresponding shear 
stress q to produce failure is to use the ellipse equation : 


f2 g? 2 
FPO: l 


where F= fatigue limit under simple bending 
Q-= fatigue limit under pure shear. 

For specimens containing a sharp V notch they found 
that the ellipse equation would give approximate values, 
but better results could be obtained with another more 
complex, equation that they present. Later, Gough 
showed that this applied also to specimens with a transverse 
hole, and to specimens with a sharp fillet. He further 
demonstrated that splined specimens represented a special 
case, the ellipse equation applying when the bending 
stresses were greatest, and the other one applying where the 
torsional stresses were greatest. The same would appear 
to be the case for Puchner’s tests on specimens with 
a keyway. 

In a test on one steel only, it was shown that both the 
ellipse equation and the other one could be used for un- 
notched and notched specimens respectively when a static 
bending stress is superimposed on the reversed bending 
stress, and a static torsional stress is superimposed on a 
reversed torsional stress. However, in these cases the 
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Fig. 5. The damage line 


values of F and Q are the values for the limiting reversed 
bending and torsional stresses, obtained in the presence 
of the static stresses. 


Under-stressing, over-stressing and impact 

The term under-stressing refers to the action of subjecting 
a part to cycles of stress below its normal fatigue limit 
before testing it at a higher stress. With many steels this 
treatment improves the strength of the part considerably. 
For example, by subjecting a part to a stress below the 
normal fatigue limit and then raising the stress in small 
steps, applying each stress level for a large number of 
cycles, increases of fatigue limit of about 20 per cent have 
often been obtained. An increase of static tensile strength 
due to under-stressing has also been observed, Ref 13. 

The term over-stressing refers to the loading of a part 
above its normal fatigue limit for a number of cycles 
before loading it at a lower stress. When an over-stress 
has been applied for a relatively short time, an improvement 
of properties, similar to that found with under-stressing, 
has been found. However, if the over-stress is very high, 
or if a low over-stress is applied for a large number of 
cycles, the part then becomes damaged, by which it is 
meant that the fatigue strength is lowered. The stress and 
corresponding numbers of stress cycles that may be imposed 
without causing damage, as measured by the effect on the 
fatigue limit, for example, may be indicated on the normal 
S-N diagram by a damage line, as in Fig 5. The damage 
line may vary for different steels roughly within the limits 
indicated by the lines AB and CD. 

Most components are subjected in service to fatigue 
loads of a continuously varying intensity, but only a small 
amount of test experience has been obtained using loads of 
this kind. Muller-Stock, Gerrold and Schulz, Ref 15, 
showed that by alternately over-stressing and under- 
stressing, damage may not be done until an abnormally 
large number of cycles have been applied. This was also 
found in many of the tests carried out by Dolan, Richart, 
and Work, Ref 16, and among their many interesting 
observations were the following : 

(a) In general, repetitions of an under-stress alternated 
with repetitions of a stress 10-20 per cent above the 
original fatigue limit, resulted in a marked increase of 
fatigue life. 

(b) Cycles of under-stress alternated with cycles of 
stress considerably above the normal fatigue limit 
produced fatigue lives at the upper stress, which were 
the same as, or in some cases very much less than, 
those indicated by the normal S-N curve. 

As the speed of fatigue loading is increased the condition 
of repeated impact loading is approached. Repeated 
impact tests give results similar in character to those of the 
usual S-N fatigue curve. McAdam, Ref 16, shows that 
the ratio of impact endurance limit to the rotating beam 
endurance limit for several steels is approximately constant. 
From this, the life to be expected for a steel subjected to 
impacts of comparatively low energy can be related to its 
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normal fatigue strength. On the other hand, for blows of 
high energy, the normal single blow impact strength gives 
a better indication of its behaviour. 


Chafing fatigue 

When slight oscillatory slipping occurs between two 
surfaces in contact fretting corrosion takes place, a cocoa- 
coloured deposit, mainly iron oxide, being formed. Fatigue 
failures that are promoted by this type of rubbing action 
are termed chafing fatigue failures, Refs 17-25. It is 
difficult to assess the amount of reduction of strength due 
to fretting corrosion alone, since at a clamp or press fit, 
a stress concentration effect exists. Chafing tests carried 
out using a clamping action have shown : 

(a) There is a decrease of strength accompanying an 
increase of clamp pressure, although the actual 
amount of fretting corrosion may decrease with in- 
crease of pressure. 

(b) There is a decrease of strength accompanied by an 
increase of hardness of the clamping material. 

(c) Strength is not altered appreciably by using a 
specimen of considerably higher tensile strength. For 
a selection of steels, the strength has been found to be 
of the order of 13 tons in?. 

(d) For some carbon steels and some austenitic 
stainless steels, better fatigue strength has been 
obtained in the annealed condition than in the cold- 
worked condition. 

Warlow-Davies attempted to determine the deleterious 
effect of fretting alone by first producing a fretted surface 
on a rotating beam specimen, and then determining the 
strength of the specimen with the clamp removed. The 
strength of a medium carbon steel and that of an alloy steel 
were decreased in this way by amounts of the order of 
10-20 per cent. 

Fretting corrosion is most marked with highly finished 
surfaces. Furthermore, surfaces of like materials in 
combination are more susceptible than those of unlike 
materials. Stainless steel in any combination is most 
susceptible. Fretting corrosion may be reduced, but at 
the same time the fatigue strength may also be reduced 
in some cases, by : 
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Fig. 6. Effect of temperature on fatigue strength 
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Fig. 7. The scatter of results illustrates the futility of relying on one 
or two tests only 


(a) Nickel-plating. 

(b) Chromium-plating. 

(c) Using special lubricants that combine low viscosity 
with the property of maintaining a continuous film. 
(d) Interposition of a soft material such as a thin 
coating of aluminium paint. 

(e) Roughening the surfaces. 

Increased fatigue strength under chafing conditions may 
result from such treatments as shotpeening, surface rolling, 
or carburising. Where a clamping action is present, the 
use of nitriding is very beneficial. With this treatment, 
increases in strength of from 70-100 per cent, under 
clamping loads, have been obtained. 


Environment 

Although the corrosion of specimens prior to testing 
produces a considerable reduction in fatigue strength, an 
even greater effect is evident if the specimen is submerged 
in the corrosive medium while being tested. Fatigue 
failures occurring in the presence of corrosive media are 
termed corrosion fatigue failures. The S-N curve obtained 
under these conditions is different from the normal one in 
that there is no indication of a fatigue limit: the curve 
continues to fall at a considerable rate even after a great 
number of cycles. Since the magnitude of the corrosive 
attack is dependent on the time of the exposure to the 
corrosive medium, rather than on the number of cycles of 
load applied, there is a pronounced speed effect. Thus, a 
specimen subjected to a low speed of loading will fail in 
fewer cycles than a specimen loaded at a higher rate. 
In the same manner, rest periods in the corrosive medium 
will reduce the total number of cycles to failure. 

The loss of strength due to corrosion may be reduced 
by using stainless steels, or by using certain surface 
treatments. Zinc coatings are very effective, and so is 
enamel over an aluminium coating. Nitriding has been 
shown to be good, and a special silicon-impregnated case 
has been used effectively. 

Some results of tests’ showing the effect of temperature 
on rotating-beam and axial-loading fatigue strength are 
given in Fig 6. It will be seen that with most of the steels 
the fatigue strength decreases slightly as the temperature 
is raised from room temperature to about 200 deg C. 
Above this, however, several of the lower-strength steels 
show an increase of fatigue strength which rises to a 
maximum and then falls rapidly. It is known that the 
tensile strength of most steels similarly falls, and then rises 
to a maximum and falls again. At high temperatures the 
fatigue strength is often greater than the creep strength, 
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so in these cases creep may be more troublesome than 
On the other hand, 
as the temperature is reduced below freezing point fatigue 


fatigue if the speed of loading is low. 


strength increases appreciably. 


Application of fatigue data to design 


All this information about fatigue has been obtained, of 
course, with the object ot applying it to design, to increase 
ethciency by economizing in materials, saving weight, and 
obviating breakdown ot machinery and 
practical application of this data is, therefore, an important 
aspect that has not, perhaps, received enough attention 


in the past. 


Some work has already been carried out, mainly on 
gears, to determine the number of stress reversals that 
different components have to withstand. 
Division of the Borg-Warner Corporation, Ref 27, have 
used the following ngures for the tull-load life of the gears 
140 miles in first gear and 420 
Then, using the axle ratio and tyre sizes, 


in a three-speed layout : 
miles in second. 
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SOUND and colour film, The 

Argonarc Welding Process, pre- 
sented by the British Oxygen Co. Ltd., 
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month. The film, which is in two reels, 
describes the reasons underlying the 
development and growth of _ the 
Argonarc process. 

In the first reel, the part that flux 
plays in the welding of light alloys and 
other metals is critically examined. It 
is shown how, by the use of Argonarc 
welding, flux may be eliminated and 
the scope of the designer thereby 
extended. The full range of manual 
Argonarc torches is demonstrated and 
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they convert the miles of life into a number of stress cycles. 
The reversals experienced by the constant mesh gears 
will, of course, be the sum of those for the other two. 
Almen and Straub, of General Motors Corporation, in 


Ref 28 give a full-throttle lite of 100,000 cycles for the low 


structures. The 


The Detroit gear 
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Relation to Other Physical Properties and to Chemical 

A.S.T.M. Proc. 1923. 

Fretting Corrosion.” 

and WUNDERLICH, 

Einspannunder Kra sftangrifisstellen auf die Dauerhaltbarkeit 

der s\onstructionen. 


and Want, A. M.: 
.Fitted Members with a Related Photoelastic Analysis.” Appl. 
March, 
“ Factors Influencing the Fatigue Strength 
M.A.P. R.T.P. Translation TM 987L Luft- 
fahriforschung. October 26, 1940. 
and Macu, E. L.: 


. BOLLENRATH, F.: 


M.A.P. 
Flugmotorenbau. 1940. 

25. Wartow-Davies, E. J.: “ Fretting Corrosion and Fatigue 

Mech. Engrs. Proc. November, 1941. 

. Moore, H. F., Murray, 
O. J. and Kostina, P. R.: 
Amer. Soc. Metals Symposium. February, 1946. 

T.: “Designing Planetary Gears.” Auto. 

1951. 


7. SICKLESTEEL, D. 


ratio and 300,000 cycles for second gear, giving a total of 
400,000 cycles for the constant-mesh pair. 
reter to formulae for making the stress calculations. 

In design it has been the practice in most cases to devote 
reasonable care to the elimimation of stress raisers in the 
engine and transmission, but in this respect the structure 
has been sadly neglected. Nearly all the manufacturers 
carry out extensive fatigue tests on prototype vehicles and 
on components, and then the design of parts that fail is 
modined to eliminate the cause of failures. 1f better use were 
made of existing data, and if research were undertaken to 
enable it to be applied more generally, a reduction would be 
possible of the amount of re-design needed at the develop- 
ment stage and, furthermore, greater reliability of the 
product would result. 


They also 


“Endurance Properties of Steel: Their 


Engineer. January 28, 1949. 
F.: “Der Einfluss von 


Z..V.1. August 5, 1933. 


and BOLLENRATH, F.: “ Influence of 


Clamping on the Fatigue Strength of Unalloyed Steel.” 
Chem. Abstr., May 20, 1941. (Archiv. fiir das E:senhitten- 


“ Fatigue of Shafts at 


1935. 


“Notes on Some Endur- 
.T.M. Proc. 1924. 

“ Chafing Fatigue Strength of 
Amer. Soc. Metals. Trans. June, 


“Effect of Surface Treatment on Fatigue 


R.T.P. Translation No. 1772. B.M.W. 


W. M., ALMEN, J. O., HoRGER, 
“ Surface Stressing of Metals.” 


“Factors Influencing the 


September 25, 1937, and October 9, 1937 





ARGONARC WELDING 


the various types of welding machine 
for D.C. and A.C. operations are shown 
in use. Following the illustration of 
many practical applications of the pro- 
cess, this reel shows the possibilities of 
the latest development in Argonarc 
welding, known as Argonaut. 

In this a torch shaped like a large 
automatic pistol is used. The electrode 
is consumable and comprises the filler 
rod which is fed through the barrel of 
the gun at a rate regulated according 
to the thickness of the work. An argon 
gas envelope enshrouds the moving 
electrode and the weld pool to prevent 
oxidation. Owing to the electrical 


forces in the arc, a weld can be made at 
any angle, including the overhead 
position. 

In the second reel various types of 
power supplied to the arc are examined 
through the medium of a high speed 
camera and also by means of animated 
diagrams ; the effect is to slow down 
the action and to make the character of 
the arc visible under various working 
conditions. In this respect, the film not 
only makes the understanding of com- 
plex phenomena possible but, it is 
claimed, it is unique in providing the 
most comprehensive sequence of this 
kind in a colour film. (1989) 





TYPE WU-4 


The most Universal Tool 
and Cutter Grinder made. Special 
journal bearings, with automatic 
oil circulation, ensure clean and 
accurately ground surfaces. The 
only Cutter Grinder with wheel 
spindle bearings capable of 
taking those heavy loads imposed 
when grinding Tungsten Carbide. 
Operator’s position behind 
machine, out of danger but free 
to observe action of wheel. 
Numerous attachments available. 


Manufactured in three sizes — Models WU-2 and WU-3 
having hand-operated Table mounted on_ precision 
ball-bearing tracks whilst the larger WU-4 machine, 
illustrated here, is fitted with hydraulic feed to Table. 


SOLE AGENTS 


ROCKWELL 


MACHINE T 
ocd rss WELSH HARP, EDGWARE ROAD, LONDON, .W.2 TELEPHONE: GLADSTONE 0033 


$CH3 
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-the answer to your 
bearing problem 


...-because Clayflex Patented Flexible Bearings are in effect 
articulated joint bearings, the elastic elements of which have 
as their chief objectives :— 


flexibility of movement 
absorption of vibration and shock 
elimination of noise 

provision of electrical insulation 
obviating lubrication or attention 


Clayflex bearings are engineered to give predictable per- 
formance. Deflection is controlled by size and design of 
metal sleeves and elongation of rubber. Rubber stays alive 
and cannot rupture. They are being applied to innumerable 
applications, one of which is illustrated. Any sizes to 
support ounces or tons. 


We shall be pleased to forward booklet 
telling you more about these unique bearings 


CLAYFLEX FLEXIBLE BEARING as 
applied to Front Suspension on present 
day design. Bearings produced by this 
organisation are fitted by practically 
every automobile manufacturer as 
original equipment. 


HOWARD CLAYTON-WRIGHT LTD 


WELLESBOURNE, WARWICKSHIRE 
PHONE: WELLESBOURNE 316-7-8 GRAMS: ‘CLATONRITE’ WELLESBOURNE 








WARD No. 2A 
CAPSTAN 
LATHE 
Centres 54 ins. 
Spindle Hole | jins. 
Swing over cross- 


slide 6} ins. ‘aaa 
——=) CAPSTAN AND 
Wire Re TURRET LATHES 


Messrs. S. Wolf & Co. Ltd., Pioneer Works, 
Hanger Lane, London, W.5, use the Ward No. 
2A Capstan Lathe for producing, among other 
parts, the intermediate pinions of their well- 
known electric portable drills. The work, which 
is centred, turned, undercut and chamfered, is 
1" dia. x 34” long in annealed steel BSS EN24. 


SELLY OAK BIRMINGHAM 29 4 
Mee PHONE SELLY OAK II3! 


W 533 
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STAINLESS 
SPEELS 





The Motor Car Industry is another example of the ever increasing 
uses of ‘‘Trubrite’’ Stainless Steel ‘in the form of Cold Rolled Strip and 
Wire, quite apart from the already well established uses of Bright 
Mild Carbon Steel Strip, Bright Steel Bars and High Strain Wires, 
with which we have for so long retained the confidence of Motor Car 
and Motor Accessory makers. 


ARTHUR LEE 8, SONS LIMITED 


“TRUBRITE” STEEL WORKS - MEADOW HALL - Nr. SHEFFIELD 
ALSO AT CROWN WORKS, BESSEMER ROAD, SHEFFIELD 9 


Phone: Sheffield 36931 (10 lines). 
€ 22 
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Tested ana recommended by the 
Ministry of Supply (MVT Branch) 
Ref. No. VG.6/300/FIR for export 
to tropical countries. 


OSOTITE — the modern 
scientific sealing which has 


/ been proved by rigorous tests 
to be the perfect jointing for 
Ne 


smooth surface and screw 
i A unions. OSOTITE is a simply 
applied, liquid compound, im- 


pervious to heat, petrol, oil, 


Oo S O F f E FE é grease, water and steam which 
ensures in a few minutes a 


AIR or WATER-TIGHT JOINT. 


Sie K- HIGH PRESSURE GAS, 
6 —— PRODUCT Write for full details and prices to : 


SLICK BRANDS LIMITED 
0 a en Sou: Sem Wenn. @ Wekekek, ue en Sel, Geek, ium. ica ar @. +) 
SLICKBRA, SOUPHONE, LONDON 


Tet: CROYOON 3i7I-2 Cables: 





BRITISH EUROPEAN AIRWAYS 
. USE 

Leeming CLEANING CLOTHS 

»» AT HALF THE COST OF RAGS 





ae Leeming Brothers , 
otZimite 


MIDLANDS 
SOUTHERN ENGLAND 
SALFORD:3:LANCS 


TELEPHONE © MANCHESTER BLACKFRIARS 2561 
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Wherv yow wants 


F Bolts, Nuts, Rivets, Screws, 
quick, Studs & Washers in all metals 
and threads e Pressure Gauges, 

i Reducing and Relief Valves, 
Steam Traps, Cocks and Valves 


for every service e Non-Ferrous 


* 
personal Metals in all sections e Ferrous 
; . 





and Non-Ferrous Tubes and 

Sow, Fittings e Contractors Tools and 
¢¢® Equipment e Carpenters and 

Engineering Tools, Screwing 


Tackle e Stainless Steel Buckets 
Utensils, Fittings and Equipment 


ating wp Walkers | 


* Personal service means that your call is handled 

immediately by someone who can not only take all 
your instructions, but is ready and technically able to 
offer practical, helpful advice. 








M. W. WALKER AND STAFF LTD. 


ENGINEERS MERCHANTS 
IBEX HOUSE: MINORIES : LONDON °: E.C.3 


Phone: ROYal 8191 (io LINES) ’Grams: Makerlaw, Ald, London 
MIDDLE EAST BRANCH: BAHRAIN, PERSIAN GULF 
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2Heven 


anti-friction metal 


Sets the standard for the World 





a ee WRITE NOW FOR THESE PUBLICATIONS 
Maximum mechanical and | 
HOYT ENGINEERS’ HOYT BOOK ON THE LINED BEARING f = 


physical properties AND BUYERS’ GUIDE A unique publication. 
Longest life in service A free publication Babbitting methods in full 


containing full details detail ; also contains notes on 
A full information service on all matter of all our products ‘Fitting,’ etc. 128 pages. 
relating to plain bearings is available t and services Price 3 6d. post free. 
you without obligation. Write to 


THE HOYT METAL COMPANY of GT. BRITAIN LTD. 


DEODAR ROAD, LONDON, S.W.1I5 
Telephone : Vandyke 606! (PBX) Telegrams : Profanity, Wesphone, London 


BABBITT - SOLDER - BRONZE - KIRKSITE - ZINC BASE ALLOYS - FUSIBLE 














FUNDITOR 
Sand} 


MARKING MACHINES 


The clear-cut mark is produced by means of a short blast of fine grit material 
through a rubber mask into which the trade mark, numbers, letters, gradua- 
tions, or decorative designs, have been cut. 

Marks Hardened Steel, Stainless Stee!, Carbide, Glass, Ceramics, Plastics, etc. Also 
delicate thin-walled parts with ground or polished surfaces which cannot be 
impressed by other Marking Methods 

Send today for fully illustrated leaflet. 


Funditor Ltd. 


3 WOODBRIDGE STREET, LONDON, E.C.1 Phone: CLErkenwell 6155/7 
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eS 


Pressings 
Turned Parts 


Assemblies 


In ferrous or non-ferrous metals, 
electro or enamel finishes for the 
Automobile Trade. 


Component parts or complete assemblies designed 
and produced to the customer’s requirements. 


If you have a problem, 
send your enquiry to :— 


W. H. BRISCOE & CO. LTD. 
WHARFDALE RD., TYSELEY, BIRMINGHAM, 11 


Telephone: ACO 1197 Telegrams: Brisk, Birmingham 





Holdens 





10 MPH. 
S!oSp”) 7 
OXY-GAS WELDING Ly” 


steps up motor cycle production 


Planning based on oxy-gas welding of components saves production 

time, while assuring strength and a neat finish to each component. 

Many British motor cycles are made on this principle, as our illustra- 

" os . ° . Users of B.O.C equipment should take advantage o! 

tions show. Much of their renowned quality and stamina rests on the Service Exchange System. B.O.C equipment in 
‘ * . : need of repair may be exchanged at your local brancb 

the high efficiency of B.O.C Oxy-gas welding techniques. for reconditioned equipment at purely nominal cost 


For further details, please write to: 


THE BRITISH OXYGEN CO LTD .ono0n & seancues 


SERVICE EXCHANGE SYSTEM 
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ASSEMBLED 
AS ONE UNIT 


“SHAKEPROOF’ 
Pre-assembled washer and screw units cut assembly 


Announce 


costs by eliminating expensive hand assembly methods. 
SEMS Pick up a SEMS and drive it, only one unit to handle, 
Registered T . . . 
it is as good as a third hand. You can’t forget the washer 
ASSEMBLED WASHER & SCREW UNITS S A i 
tah and are sure it’s the right type, size and finish for the 


job. No washer losses and SEMS save driving time, 


inspection, buying, stock-keeping and all handling time. 


THE “ SHAKEPROOF ’’ LOCK WASHERS USED ON SEMS ARE MANUFACTURED BY BARBER AND COLMAN LTD., BROOKLANDS, MANCHESTER 


SEMS ARE AVAILABLE TO BRITISH INDUSTRY FROM :- ACTON BOLT & FINE THREADS LTD., CHASE RD., 
ACTON, N.W.10. ® GUEST KEEN & NETTLEFOLDS (MIDLANDS) LTD., BIRMINGHAM 18.® L.H.NEWTON & 
CO. LTD., NECHELLS, BIRMINGHAM 7. ® LINREAD LTD., STERLING WORKS, COX ST., BIRMINGHAM 3 


Sus Cure for 


The Engines... 


BUAFLEX OIL CONTROL RINGS 





The requirements of an ideal piston ring—perfect gas seal, 
efficient control of lubrication, long life, are all adequately 
fulfilled by the Duaflex Steel Oil-Control Ring. The ring is 
comprised of flexible laminated steel rails and is moulded to 
perfect contact with bore and groove by spring expanders 
PAT. NO inserted between and behind the rails—(see sketch). The radius 
617.700 on the wiping edge ensures that there are no sharp edges to 
cause rapid bore wear. A modern piston ring that gives 
long life to new engines and new life to old. Enquire of 
your local stockist or Service Branch. 
PETROL AND OIL NOW COST MORE— 

| A RECONDITIONED ENGINE IS MORE ECONOMIC 

7A | wail so ff 


a Po - 

it] No sharp corners or cutting edge to | . 

shear lubricating film and cause bore | , 

vs TLWORTH 

2) Spring maintaining wiping members | ¢ 

in firm contact with both sides of ring ¥ 
groove zs PR 0 D U Cc T 

Expander exerting an even outward 

pressure ensuring that the ring con- 6 

tacts the bore however mis-shapen = Clini of he Cxyoenre 


WELLWORTHY PISTON RINGS LTD - LYMINGTON + HANTS 


All products obtainable from Branches of Associated Engineering (Sales) Ltd., and leading garages, 


| 
| 
| 
= 
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Write for Publication 
SP 173 
‘Cutting Fluids’ 


More engineers 
are Using 
Culting Fluide 


HERE IS THE 
BEST SOLUBLE 
FOR GENERAL 


ce 4 


COOLEDGE Economical, versatile and stable, COOLEDGE water soluble cutting 
oil is by far the most popular for general use in the engineering shops of Britain. 
COOLEDGE improves the finish of the workpiece and its rich milky-white emulsion 
extends the life of tools. Ask for descriptive booklet SP173. 





eel 


FLETCHER MILLER LTD., HYDE, Nr. MANCHESTER, ENGLAND, also at HAYES, GLASGOW & WEST BROMWICH 

















gli, fal 


FULLER HORSEY 


SONS & CASSELL 
10, BILLITER SQUARE: LONDON -E.C.3. Phone ROYAL 4861 


Rathbone 


o7 
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Three 
Speeds 

for 
inereased 
production 


The “Fastrip” series of Guards offer greater safety 
than ordinary interlock Guards. And they do this 
with a positive increase in the speed of operation. 


The “Fastrip” Type 1 is an interlock Guard closed 
by hand, but the last fractional movement in 
closing. after the Guard has reached a safe position, 
trips an Air Valve, which operates the Clutch of 
the Press set in motion with only one action. 


The “Fastrip” Type 2 provides the same sequence, 
but the Guard is closed by depression of the Foot 
Pedal of the Press, leaving both the operator's 
hands free for productive work all the time. 


The “Fastrip” Type 3 provides automatic operation 
of Guard and Press in the correct sequence con- 
trolled by a Udal Foot Valve. This is operated by a 
very light toe pressure with small travel and can 
be placed in any position convenient to the operator. 


_ 1 
E Vr / 4 y = J. P. UDALL, court ROAD, BIRMINGHAM, 12 











The Timken Roller Bearing Company 
of Canton, Ohio, U.S.A. 


roller bearings in certain territories for original 


...announces that by the judgment of the 
United States District Court for the Northern 
Division, in the 


District of Ohio, Eastern 


case of United States of America vs. The 
Timken Roller Bearing Company, our agree- 
ment with British Limken Lrd., of Birmingham, 
England, and with Société Anonyme Frangaise 
Timken, of Asnieres, France, granting to those 


companies the exclusive right to sell tapered 


installation and imposing certain conditions 
upon sales by us of bearings for replacement 
purposes in those territories, has been term- 
inated, and renewal thereof prohibited. 

We may hereafter make sales of tapered 
roller bearings in any territory free of the 
restrictions formerly imposed by virtue of 


such agreement. 


THE TIMKEN ROLLER BEARING COMPANY, CANTON 6, OHIO, U.S.A. 





THE AUTOMOBILE ENGINEER, fanuary 1952 





THE NEW 
Less in Height 


They are all. looking 
: at the new 


substantially improved 
performance 


ALCOMAX 
Magnetic Chuck 


Send for 
Descriptive Leaflet 


SURE OA ee 


Made by JAMES NEILL & CO. (SHEFFIELD) LTD. SHEFFIELD. 11. ENGLAND. 





ng down to 


q 
Erats Tacks.— 


Cutanit 
is demonstrably 


the most efficient Carbide 
over a wide range of operations 


for which specific grades are recommended. 


N.B. S\) 
1. Neo Cutanit simplifies 
brazing. R 


2. Standard tools and tips 
available from stock. 


WILLIAM JESSOP & SONS, LTD., BRIGHTSIDE WORKS, SHEFFIELD 


1/so supplied by our {ssociated Company 


J. J. Saville & Co., Ltd., Triumph Steel Works, Sheffield. 
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De Havillands find 101 
uses for Permacel 
masking tapes... 


made by Johnson & Johnson 


Tape being used in 

e during painting 

HERE IS A MULTITUDE OF Usks for masking tape in 
the production of aircraft such as the Comet, 
from taping protective paper on to the giant 
fuselage to blanking off pipes and ducts in engines on 
test. For all these jobs, large and small, Permacel 
Cloth and Creped Paper Tapes are ideal. ‘They will 
adhere instantly and firmly to the smoothest surface. 
But apart from this, they have two special advantages 
which lead to greater efficiency in duction. First, 
they are resilient ; and can 
be used effectively on sharp 
corners and irregular sur- 
faces; and secondly, they 
strip cleanly and easily from 
all non-f 
The Paper 


impervious to oils, 


brous surfaces. 


‘Tapes are, of 
course, 


Masking apertures in 
f 


Siceiaianid Clsak a¥nskivie acids and chemicals. 


CLOTH AND ‘DOUBLE BONDED'* GREPE PAPER eee TAPES 


adhere instantly and firml 


* ‘Double Bonding’ is an exclusive J hr 
which the adhesive is permanent! nd¢ king material. 


process by 
w sampl les and quota 


r (GT BRITAIN) LTO. fe SLOUGH, BUCKS 


Manufacturers of Permacel Cellulose Tap repe) Paper Tape 
and Permac Se lot 








ASSOCIATED 
ILIFFE 


TECHNICAL BOOKS 


References for automobile engineers 


THE MOTOR VEHICLE 


4th Ed. By K. Newton, M.C., B.SC., A.C.G.I., A.M.INST.C.E., 
M.I.MECH.E., and W. Steeds, 0.B.E., B.SC., A.C.G.I., M.I.MECH.E. 
Provides an enormous amount of up-to-date, detailed 
information on the design and operation of engines 
and chassis for cars and road transport vehicles. The high- 
speed compression-ignition engine and the present state of 
the gas turbine as applied to road vehicles are described 
and discussed at great length. Illustrated with 528 dia- 
grams and photographs, the volume covers authoritatively 
the most recent advances in automobile design. 


35s. net. By post 35s. 10d. 


AUTOMOBILE ELECTRICAL EQUIPMENT 


4th Edition. By A. P. Young, 0.B.E., M.I.E.E., M.I.MECH.E., 
and L. Griffiths, M.I.MECH.E., A.M.LE.E. Starting with a 
lucid explanation of basic electrical theory, this book 
goes on to cover the vehicle’s electrical equipment as a 
whole and then examines each of the various types of 
dynamo, starting motor, battery, lighting and ignition 
systems in current use. Among the more recent develop- 
ments described are radio interference suppressors for 
motor vehicles, modern sealed-beam headlamps and 
fluorescent lighting. 

25s. net. By post 255. 8d. 


Obtainable at all booksellers or ty post from: 
DORSET HOUSE, STAMFORD ST., LONDON, S.E.1 














Non-Ferrous CASTINGS 


Our specialised knowledge is offered to you in the 
supply of Castings from a few ounces up to 5 tons—in 
PHOSPHOR BRONZE, GUNMETAL, 
MANGANESE BRONZE, ALUMINIUM BRONZE 
(Tensile Strength 45 tons per sq. in.) 
ALSO 
Light Alloy Castings. ‘BIRSO’ Chill-Cast Rods and Tubes 
Centrifugally-Cast Worm-wheel Blanks ~* Ingot Metals 
Phosphor Copper - Phosphor Tin - Precision Machined Parts 
Finished Propellers, etc. 


Fully approved by Sound and A.1.D, 
T. M. BIRKETT & SONS LTD. 
HANLEY - STAFFS 


Grams: Birkett, Hanley "Phone: Stoke-on-Trent 2184-5-6 
in association with 


BILLINGTON & NEWTON LTD. 
LONGPORT, STOKE-ON-TRENT 


"Grams: Bronze, Phone, Longport "Phone: Stoke-on-Trent 87393-4 & 88147 








Bi24 
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ENGINEERING 
COS sb80. 
COVENTRY 
PHONE. COVENTRY 88641 


ROTARY CAM AND PROFILE MILLING MACHINE = SHORT 

THREAD MILLING MACHINES - MULTIPLE DRILLING ATTACH- OF EXTERNAL AND INTERNAL GEARS, BEVELS, 

Porat hentai —" MACHINES + END FACING CLUTCHES AND SPLINES. MADE IN TWO SIZES 
HIN 

sen Pg SPECIAL MACHINE TOOLS FOR WORK UP TO 10” AND 20° DIAMETER 








Naa SELF-TAPPING SCREWS 


WITH PHILLIPS RECESS HEADS 
Sf > 


THE PHILLIPS HEAD A Le; 


The special driver mates perfectly with the recess head 


and cannot slip. There is no risk of injury to the operator 
or damage to the article. This makes for faster, more efficient 
work with less strain on the user. Power driver bits as well as 


hand drivers are available for Phillips Heads. 


THE N.P.K. THREAD 

The hardened threads of Nettlefolds Parker-Kalon screws cut 
corresponding threads in drilled, formed or moulded holes. There 
is no need for tapping, tapping plates, inserts, clinch nuts or 


lock washers. N.P.K. screws simplify assembly methods and 


make stronger fastenings. 


Full details on application from : 


GUEST KEEN & NETTLEFOLDS (mipianps) LTD. CG 


SCREW DIVISION: Box 24, Heath Street, Birmingham 18. 
S/P. NPK/2901 
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ASBES7IS 


e COPPER €& ASBESTOS WASHER CO LTD 


HWi-1l6 LIVERY STREET BIRMINGHAMS 
TELEPHONE CENTRAL 1467 


TELEGRAMS COPWASH™ 






































FOR A WIDE 
VARIETY OF 
_ PRESSINGS 


Deciali E 
: alists ge) the E 


SAMUEL GROVES & CO. LTD., 
MUSGRAVE ROAD, 
BIRMINGHAM, 18 




















HOLFORD WORKS BIRMINGHAM 20 | 





G.P.1 (a 
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WHERE 
PRECISION COUNTS | 
YOU CAN cou NT ON + Public transport, commercial vehicles 


and private cars of many types employ 


MOSS GEARS Moss Gear camshafts manufactured 


from best quality case-hardened steel, 


machined to fine limits. 





CO. LTD., CROWN WORKS, TYBURN, BIRMINGHAM 24 


London Rep.: Mr. H. Wheatley, 26 Woodyates Rd., London S.E.12, Phone: Lee Green 5158 














4444-4 
4+++4-+ 


T 


Good clean finish and pres- 


bet 
ttt 


T 


Coo 
root 


tp} ff 


444 


sure tightness are essential 


+H 


for filter heads of the well- 


- 


known Vokes Oil Filters. 


John Dale Gravity Die Cast- 


——-7-1-1-T reat 
$+4++4+++++4+4 


seeseeeesse 


ings achieved these results. 


Con TOHN DALE LTD 


about Aluminium Alloy Die Castings 


JOHN DALE LTD., Dept., TS.3, LONDON COLNEY, ST. ALBANS, HERTFORDSHIRE. Telephone: BOWMANSGREEN 2266 





royds 51/0/1 
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PROTECTION 
AND 
OIL RETENTION 


WESTON OIL SEALS 
have these essential qualities 
which ensure maximum effi iency 


from machine bearings. 


An extensive range includes pre- 
cision seals fitted with leather or 


synthetic rubber inserts. 





Technical staff 


available for consultation by 


designers of new equipment at the 


“drawing board” stage. 








Write or ’phone for full information to:— 


CHARLES WESTON & CO LTD IRWELL BANK WORKS DOUGLAS GREEN 2 
PENDLETON SALFORD 6 Phone PENDLETON 2857-8-9 ' 


Birmingham: MiDland 6952 London: HOLborn 0414, 
P 86 





With this simple installa- 
tion method you can cut 
80%, of vertical vibration on 
some machines. And you 
completely cut out bolts, 
grouting, damaged floors. 
Installation is a matter of 
minutes. Layouts can be 
changed without delay. 





i 
\. CROID 65 


MACHINE FIXING GLUE 


COOPERS 
FELT 


The felt base is vibration- 
absorbing, oilandacid resisting. 
Send for free illustrated bro- 
chure today. 








Main administrative office for all enquiries & correspondence 


COOPER & CO. (B’HAM) LTD 
BRYNMAWR, BRECONSHIRE 


Telephone: Brynmawr 312 Telegrams: Felting, Brynmawr 





P.V.C. WING PIPINGS, as supplied to leading motor 
manufacturers and body builders at home and abroad, 
have proved that plastic materials survive the severest 
tests. Whether as standard fittings used as wheel arch 
pipings or specially designed joint mouldings our sections 
are guaranteed to meet your particular requirements. 
Extrusions are our business — not just a department. 


C. & C. MARSHALL LTD. 


PLASTRIP HOUSE 
OAKLEIGH ROAD NORTH, LONDON, N.20 


Telephone: Hillside 5041 (3 lines) Cables: Tufflex, London 
Telegrams: Tufflex, Norfinch, London 
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A unique volume of vital data for all Service Stations 





a | SERVICING GUIDE 


varecovens” | TQ) BRITISH MOTOR VEHICLES 


. 
AUSTIN 
ARMSTRONG SIDDELEY 


BRISTOL - FORD é , , abi i 

: Sontaining complete servicing data for many post-war British motor vehicles, 

yest — this book is based on service information that has appeared in MOTOR TRADER 

JAGUAR - JOWETT and BRITISH AUTOMOBILES Overseas, regrouped alphabetically by makes. Its 

MORRIS: M.G.~ RILEY practical and authoritative contents also include much additional general 

ROVER - STANDARD information such as conversion tables specially compiled to cover units in 

SUNBEAM TALBOT normal use. With its large pages (114 x 8) printed on durable material, and its 

VAUXHALL : TRIUMPH comprehensive data obtained largely by personal research amongst manufac- 
turers, this is a book which every engineer should own. ¢3 3 0 N 

WOLSELEY -o0-U Net 

BEDFORD - COMMER By post £3-4-6 


DENNIS - G % . * 
nse iA Over 500 pages of standardised service 


ETC., ETC. information on British cars, commercial 


vehicles and tractors... NOW READY 




















Order your copy now, only a limited number available 
TRADER PUBLISHING CO. LTD., DORSET HOUSE, STAMFORD STREET, LONDON, S.E.1.. WATERLOO 3333 (60 lines) 








at all stages of manufac- 
ture ensures a trouble 





free product. ... the 

reason why most manu- 

facturers use HighTensile 

Cylinder Head, Gear Box 

and other Studs made 
. 


TYARWOOD INGRAM. £91 


PARKER ST. BIRMINGHAM. 16. 


TELEPHONE: EDC baston.3607. 
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a a eee lta Cay 


Lia ! y 
AGA a Re Ze 


alias JACK SCRAP 


(MAY BE IN HIDING OR DISGUISED) 


Bring your detective powers to bear on the search 
for scrap and you'll probably unearth tons of it 
disguised as old plant you never use or hidden in out of 
the way corners of your ware- 


WANTED 
from the 


MOTOR TRADE 


Old chassis, 
cylinder blocks 
and engine parts 
and every kind 
of general and 

process scrap 

and obsolete plant. 


houses, stockrooms and yards. 
The new steel every industry 


needs can be made from the old 


you can. Round it up. Turn 
it in. 


Your scrap merchant wil! help 


| 
i] 
1 
! 
! 
steel it has done with. Findall | 
} 
{ 
i 
| 





with dismantling and collection. 


SPEED THE SCRAP 
SPEED THE STEEL 


Issued for the STEEL SCRAP DRIVE by the 
British Iron and Steel Federation 


STEEL HOUSE, TOTHILIL STREET ONDON, S.W.1 














CHARLES RICHARDS & SONS LTD., DARLASTON, nr. WEONESBURY 
Phone: Darlaston 140 (10 lines) P.B.X. Wires: ** Richards, Darlaston’’ 





Ignore this. 
and it may 
cost you money « 


Faulty ignition, indifferent lighting, inefficient 
charging, all cause delay and consequent loss 
of money. At the first sign of any of these 
danger signals, do the wise thing, have your 
truck rewired with AERIALITE, the Safe, 
dependable Auto Cable. 


AERIALITE LTD., STALYBRIDGE, Cheshire 


AERIALITE 


Safe, Dependable 


AUTO CABLE 
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AVATAVUAVITAV EN) <@)'VAR@ON NIN) 
Wallows Lane Walsall . Staffs. tie to atta 


PERFECT DYE-LINES 
direct from your 
TURQUOISE Pencil tracings 


So opaque and densely uniform is every line 
from a TURQUOISE Drawing Pencil that 
you can make sharp, perfect prints direct 
from your pencil tracing. 

In addition, the Eagle super bonding process 
gives TURQUOISE Pencils stronger points 
and seals in the lubricating waxes for 
permanent smoothness. To prove this may 





we send you a specimen print and a free 
TURQUOISE Pencil in any one grade you 
wish ? 


“CHEMI SEALED” 


TURQUOISE 


THE DRAUGHTSMAN’S PENCIL 


EAGLE PENCIL COMPANY - TOTTENHAM «= LONDON 
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A man with a secret 


It isn’t a magic key or any- 
thing like that. It just so hap- 
pens that we have been called 


in on many tricky questions LEAVE 17 is 4 


over the last thirty years that 

we now know the answer to CLI S 
most of them. Wouldn't it OF REODITCH 
be a good idea to see us 


about your new project? 
Estab. 1919. A.1.D. approved. 


THE LEWIS SPRING CO. LTD. 
RESILIENT WORKS, REDDITCH. 
Telephone : Redditch 720/1/2 


LCNDON OFFICE : 
322{HIGH HOLBORN, W.C.1 Telephone : Holborn 7479 & 7470 




















HERE’S YOUR MONEY BACK 


| 
| 
| 


This man is hiding something and doing it so , : 
: ; ; It’s as simple — almost — as 


well that even he doesn’t know what's going on : a ; 
. that. Active Carbon ‘sieves 
beneath the surface. The truth can only be 4 
‘ ; | evaporated solvents from 44 
revealed by radiography and, even so, a vital 
, : : the atmosphere and 
cavity or flaw can easily be missed unless the , 
| returns them foi 
| y 
recording medium 1s y up to its job é _ 
ec ing medium its fully up to i That is — 
( “nsitive materials are s . | 
why ILFORD sensitive materials a o widely idee quite a 
~d fo > critic: aC welds of eve 
used for the critical Inspection of welds of every iny sometimes: 
kind. If vou have a welding problem, ask for | depending on the 
details of the appropriate ILFORD Industrial | amount of solvent 
X-ray film to reveal its hidden secrets | you use. One of our 


larger customers recovers 


| solvent to the value of £150,000 a month. A smaller one is 
| content to see a couple of fivers back. But we never install 
the equipment without knowing it will pay for itself and leave 


something over for the user. If it wouldn't, we say so, and that's 


e si | 
Ind ustrial X- ray films | that. So it’s always worth asking. 


ILFORD LIMITED - ILFORD - LONDON a 
| SUTCLIFFE 

UTCLIFEFE! spEaAKMAN & CO. LTD. 

PEAKMAN Leigh, Lancs. Telephone: Leigh 94 


Solvent Recovery LONDON OFFICE : 
Active Carbon 2, Caxton Street, Westminster, S.W.1 
Teleph : Abbey 3085 
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Also supplied with a speed reduction 
unit making the machine equally 
suitable for cutting all types of 
metal plate and steel tubes 
The type ‘‘BJ’’ 12 is a thoroughly practical job. It has an all steel fabricated body, 
standing 3’ 4” high, totally enclosed. Motorised for 3 phase standard A.C. or 230v. 
single phase A.C. supply, the machine has a 5” cutting capacity with 114” between 
blade and throat of body and is fitted with Ball Bearing Saw Guides top and bottom 
The table, which has an area of 16” ..154”, is perfectly machined, and tilting 
motion is provided with graduations and quick locking handle. 
Delivery from Stock. Full specification on request. 


TT ke aS 


ALBEOR WORKS : SHIEFFEE LD 


TELEPHONE 26311 (IS LINES) - TELEGRAMS ‘FORWARD’ SHEFFIELD 


London Office: BRETTENHAM HOUSE, LANCASTER PLACE, STRAND, W.C.2. | 





@ REDUCED MACHINING COSTS 
@ HIGH ACCURACY TO CLOSE LIMITS 
@ MASS PRODUCTION OF INTRICATE SHAPES 
@ HARDNESS & HIGH STRENGTH TO WEIGHT RATIO 


VMAS ica IN BRASS, GUNMETAL 
ANT LUMINIUM BRONZE 
DECALS: TING ‘oem BRONZE 


For porther information wile Det. A/E 





COPPER AND ALLOYS LIMITED - GREETS GREEN ROAD - WEST BROMWICH 


TELEPHONE WEST BROMWICH 1774 (5 LINES) TELEGRAMS ALCOP:PHONE : CABLEGRAMS ALCOP 
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Has a fastening job 
put you 
Son the spot’? 


Why do the worrying when we v« ready done 
it for you? Dot Fasteners are 

a great variety of designs for a 

number of jobs—including your 

If not, our unique experience 

one thing to another will quick! 

an answer. It’s a sure way 


out of a problem to 


AME WAM 


CARR FASTENER CO. LTD 








i aireeegey 
\ 


PROBLEMS ARE OUR ssn, 





The more difficult the job the more we 
enjoy it — as specialists we have all the 
attributes of long experience — mature 
judgment, accurate foresight, wise 
interpretation. There is nothing that 
pleases us more than a chance to 


tackle those ‘impossible’ pressings. 





d ADMIRALTY Lists 


REGENT PLACE BIRMINGHAM 





5341A 





JOHN CASHMORE LTD. GREAT BRIDGE TIPTON STAFFS 
Telephone TIPTON 2181 (5 lines 


also at NEWPORT MON. Telephone NEWPORT 3944 


CE 317dm 
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| 


ENGINEERS’ TOOLS 
of both standard and special 
design and made from the 
range of world famous 
‘“‘MUSHET’”’ steels, are 
supplied to countries 
throughout the world. 


ini 
ill 


linn 


qt" 





















































7 


SAMUEL OSBORN & CO., LIMITED 


CUYOE STEEL WORKS, SHEFFIELD 





colo” 


ul . 
pane a the full 
ec 


story:** 


. when you are illustrating the cars you build. 
‘Ektachrome’ Sheet Film gives you that: brilli- 
ant, true-to-life transparencies which can be 
projected or viewed by transmitted light, and 
which are very suitable for reproduction. 
‘Ektachrome’ Film is almost as easy to handle 
as black-and-white. Varieties are available for 
indoor pictures by artificial light and for outdoor 
sae RO pictures in daylight. Your photographer will 
Company Ltd particularly appreciate the fact that he can 
process it himself in his own darkroom. 


Ktachrome 


KODAK LIMITED INDUSTRIAL SALES DIVISION KODAK HOUSE KINGSWAY LONDON wc2 





‘KODAK’ and ‘EKTACHROME'’ are registered trade-marks 





An Imperial 


Preference 


for ee oe 
Planifer! ~N\/.\SS 


= 
- ———-_+ 


ake a dip, at random, into our export files, 

and our customers’ addresses read remarkably 
like a roll-call of the British Empire in strict alpha 
hetical order. 

Aden, Barbados, Ceylon, Dar-Es-Salaam, right the 
way through from A to Z, ending up very properly 
with Zanzibar. 

The reason is simple — the Planifer r if drawing 
materials and equipment has behind 1 63 vears’ 
reputation for uniform quality and dependability, and 
is made and packed for safe arrival and survival 
anywhere in the world. 

From the Arctic to the Tropics, the fine quality of 
Planifer is making difficult jobs just ‘that much easier’ 


and the results more accurate and predictable. 





when | 
ask for 


BRIGHT 
STEEL 
BARS 


lask for... 


CARBON & ALLOY IN ALL STANDARD 
SECTIONS. ALSO SUPPLIED, FULLY HEAT 
TREATED, TO ENGINEERING SPECIFICATIONS. 





KIRKSTALL FORGE ENGINEERING LTD 
Deeos 5° TELS HORSFORTH 2821 





A—Vacuum Gauge 
B—Brake 

C—Accelerator 

D—Preset 

E—Parking Brake 
F—Clutch (on Gear Lever) 


FEENY AND 





JOHNSON LTD. 


134-136 EALING RD., WEMBLEY, 
MIDDLESEX. 
Telephone : WEMbiey 4801 & 4802 








{ PITMAN | 
All-Purpose Diesels 


By J. Malcolm Robson; with a chapter by C, A. Pickering. 
An outstanding new work giving up-to-date technical guid- 
ance on the design and practical applications of diesel power 
units. Particular attention is paid to practical uses, and 
there are sections dealing with starting, cooling, governing 
and power transmission equipment. The theory involved is 
adequately explained. All concerned with the design, manu- 
facture and use of diesel engines should have this helpful book. 


4 full range of high quality engineers’ and architects 





drawing instruments, drawing office furnitur 
photographic materials, detail and tracing papers 
prepared, natural), sensitized papers, tracing 
surveying equipment, as well as equipment and 

1 tta 


materials for technical schools, colleges at 


establishments 


If unobtainable from your usual supplies 


cilinadiaiaded oe SAMS SEBS 3502). 231 illustrations. 50'- net. 


36, Broadway, W ent I S.W.l T 
HI , PITMAN, Parker Street, Kingsway, London, W.C.2 


Telep) 
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Positively simple . . . no washers, 
no pins, no non-metallic inse: ts. 
Six types—one Royal Aircraft 
Establishment Air Registration 
Board approved principle. Order 
the nut you want from the NEW 


Philidas Catalogue. 





‘They all fail to fail me!” 
says Bill Philidas, the Tough Nut. 














‘¢ The wife’s decided to have this one 
but make sure that Philidas 
Lock-nuts are used 
throughout !” 
PHILIDAS DIVISION OF WHITEHOUSE INDUSTRIES LTD. 
‘Phone: Keating 7, Monee may: Poranbeascsiin, »€6S@if=locking nuts 


n.d.h, 





W hether you need a Conveyor 


for light or for heavy assemblies, 


for furnace work or for refrigeration, 
for washing or for drying, ““Wedco” 
can fill your need. ‘Wedco”’ Belts 
and Conveyors are in daily use in 
practically every branch of industry 
—speeding production and cutting 


down handling costs. 





You will find that The large illustration shows a chain 
our comprehensive and pallet conveyor with cross feed 
catalogue is most for sub-assemblies, whilst the smaller 
informative may ones depict a close-up of the pallet 
we send you a copy? jig and a view of the discharge end. 


CONVEYORS AND Woven Wire CONVEYOR BELTS 


Weds THE BRITISH WEDGE WIRE COMPANY LIMITED 


RICHMOND NEW WORKS, ACADEMY ST., WARRINGTON. ‘Te.: Warrington 3207/8 Grams: “Wedco,"’ Warrington 
London Office: 687, Finchley Road, N.W.2. Branches at: Birmingham, Cardiff, Glasgow and Sheffield 





dm BW112 
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Do you need 
plastics for 
defence 
programmes 


The new burden imposed on industry by the 
over-riding demands of defence production 
can be lightened from the outset by passing to 
EKCO Plastics problems involving high grade 
precision mouldings. EKCO take over complete 
production — down to final test and inspection by 
staff that is officially approved by A.I.D., 


Admiralty and other Government Departments. 


EKGO 


PLASTICS FOR 
INDUSTRY 


Members of the British Plastics Feder 
the Society of the Plastics Industries of America. 


> 


\ 


E. K. COLE LTD. (Plastics Division) SOUTHEND-ON-SEA 


114 








Speed-indicators 
for Road Vehicles 


Reliable indication of road speeds is BTH were pioneers in the manufacture of 


essential in view of the pro s of the electric speed-indicators for road vehicles, 


Road Traffic Act. Th 
be steady and n 


ind the equipment is designed for the 


s indication must 
t be seen at a glance worst conditions likely to be encountered 
Advantages include 
Compact design — simple construction — few wearing parts 
No long flexiMe drive — thus ensuring greater accuracy 
Protection against dust and vibration. 


BTH speed-indicating equipment, comprising (left to mght) 
split pulley for transmission shaft , speed-indicator (voltmeter 
scaled in m.p.h.) ; generator with bracket and armoured cable, 
generator pulley Generator can be supplied for direct 


drive if desired 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON HOUSTON COVENTRY. ENGLAND 


MEMBER OF THE AEI GROUP OF COMPANIES 





MEKELITE 

ee 10mr 

INDUSTRIAL 

LIGHTING 
UNITS 


GEARED °° 
at 


For wall, bench or machine mounting. Catalogue sent free on request, 


MEK-ELEK Engineering Ltd., "Is 


17, Western Road, Mitcham, Surrey. 





NITRIDED 


NITRALLOY 
STEEL 


OPTIMUM HARDNESS & STRENGTH 
Particulars from 


NITRALLOY LIMITED 
25, TAPTONVILLE ROAD 
SHEFFIELD 10 


Telephone: Sheffield 60689 Telegrams: Nitralloy, Sheffield. 
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Stee is out only limit 


\ maximum width 32” 


ms muriinum thickness 
* ‘ OOS” 


DB; dD: HABERSHON 
Holmes Mills .. 


| ADAMS BROS. « BURNLEY LTD. 








PRESSINGS | a’toxs 
DEEP DRAWING 
LAMINATIONS 


FABRICATIONS 


PHONE : 
HARROW SHEET METAL WORKS HARROW 


ELMGROVE ROAD, HARROW 6411 (5 lines) 
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{DROPFORGINGS |——— 
ww ww iI 


“As long as this World lasts, there will 














always be new ways of doing things.” 


Let’s admit frankly that a dropforging may seem one of the most 
prosaic things in Industry, appearing to be merely an inert mass of 
compacted metal. 

It cannot tell you of its improved technique that ensures its superior 
service in the days ahead, nor can it of itself speak of the superior service 
which produced it. 

So, memorise the initials $.W.F., as something worth while not only in 
advanced technique but in personal, prompt and intelligent co-operation. 


Get in touch with us. 


SOUTH WALES FORGEMASTERS LTD 
GARTH WORKS © TAFFS WELL * CARDIFF 


Grams: “ FORGEMASTERS.”” TAFFS WELL Phone: TAFFS WELL 41/2 











STEELS 


IN MODERN INDUSTRY 


A Comprehensive Survey by 29 Specialist Contributors. This 
book, the latest, most comprehensive and authoritative 
on the subject, describes in detail the application of steels 
to engineering design, Its 26 sections have been written by 
acknowledged experts, specialists in each particular field, 
and the work has been prepared under the general 
OOF editorship of W. E. Benbow, Editor of ‘Iron and Steel,’’ 


° R 
Flo-ma tic VE NTILATOR with a foreword by Dr. H. ig ak te out 


M.1.Mech.E., F.R.S 
Scientifically designed for controlled circulation and regular changes 
of air at all speeds. The answer to your vehicle ve on problems hactnable:ak Sil bookestians or from 


aati ane ILIFFE & SONS LTD., DORSET HOUSE, JI[IFFE 


= 
Weathershields. | vor owns 
4 


™~ BISHOP STREET, BIRMINGHAM 5, ENGLAND a 


GUARANTEED — 
| AGAINST BURSTS OR BLOW-OUTS 


Ce-Last Silencers stand up to the job longer without loss of 
efficiency. Manufactured in a wide range of sizes which 
are equally cffc'ent for a variety of engines 
The current range is listed in our new 
Price List—may we send you a copy ? 


CE-LAST 


'PpTLEeEHN CE RS 























SILENCERS (BOLTON) LTD - WATERLOO ST - BOLTON LANCS :- Tel Bolton 4240 (2 lines) Grams: ‘Gates’ Bolton 
dm. RS. 19 
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S CLANcey 1; 


CLANCEY 


VALVE G UIDES TAPPETS 


: @ ST “o 
Manufacturers = / id tg. 
Fine Cars and Vehicles use r 


G. CLANCEY Ltd. 
CAST IRON 
VALVE GUIDES 
& CHILLED FACED 

AP 


PETS 
MORRIS 


NC 


5 


4 : 
BElir ya ST > ene 


G-CLANCEY L™ soos: NEW ST - WEST BROMWICH 
rounoryY BELLE VALE - HALESOWEN 


Formerly CLANCEY & BROWN 








ROLLS-ROYCE 








|] OIL ENGINES 


————SEaa 





| Rolls-Royce are producing 


a range of oil engines 


to cover industrial, marine, railway traction and 








The Administration and Technical Offices of 
Rolis-Royce Oil Engine Division 





The C.6 S. FL. oil engine 
develops 190 brake horsepower 
at 1,800 r.p.m. 

Maximum torque 


600 Ib. ft. at 1,250 r.p.m. 


ROLLS-ROYCE 


oil engines 





ROLLS-ROYCE LIMITED - DERBY 
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WPA INE e  agik a 


CLASSIFIED ADVERTISEMENTS 
RATE 4d. per word, minimum 4/-. Each 
Paragraph charged separately. Box number 
5 words—pius 1 -. Advertisemenis for the 
February, 1952, issue should be to hand not 
later than Ist post, January 30th. No 
responsibility accepted for errors. 





SITUATIONS VACANT 
DRAUGHTSMEN for design and detail an 
jig work wanted by a large company in the 
North-West of England making wheel and track 
type vehicles. Permanencies with good prospects 
for good men. Give age, experience and salary 


required to Box 4671 c/o Automobile Engineer 
[4465 


UTOMOBILE Draughtsmen required. Men 
= used to engine, transmission or chassis lay 
out preferred. Apply Guy Motors, Ltd., Wolver 
hampton. (4421 


DRAUGHTSMAN: Experienced in commer 

cial vehicle design. State wage required and 
experience. Box A.555, Lee & Nightingale 
Liverpool [4476 


[/XCELLENT openings exist for Designer 
4 Draughtsmen, possessing the necessary quali 
fications and initiative, in the Drawing Office of 
a West Midlands works engaged in the produc 
tion of I.C. engines, transmission and industria 
sets. A Higher National Certificate or equivalent 
is essential for the Senior appointments. State 
experience and salary required. Box 5979 « 
Automobile Engineer [4474 


j 


DE 2SIGNERS and Draughtsmen are required 

in each of the under-noted grades. In each 
gtade preference will be given to men wit! 
knowledge of automobile engineering, but appli 
cants with mechanical engineering experience 
will be considered 


(a) Senior Design Draughtsmen 
b) Senior Draughtsmen 
c) Junior Draughtsmen 


TTRACTIVE salaries offered to suitable 
= applicants according to qualifications 
positions are pensionable and offer good pr 
pects. Write stating technical qualifications, ex 
perience, age and salary required to Box 4( 
Allardyce Palmer Ltd., 109, Kingsway, Londor 

yc? pe 


[44 


‘HIEF Draughtsman required by Midland 
company manufacturing diesel engines, trac 
tors and other applications. First class general 
engineering knowledge; preference given to diese 
engine and tractor experience. Strict discip.inarian 
able to advise and control design staff. Box 598 
¢/o Automobile Engineer [4476 


N Automobile Engineer of the highest calibr 
+ is required in the Midlands for a post 
very considerable importance and carrying great 
responsibility with a large firm of world-wide 
reputation. The man selected will be expected 
to control design and development; he must 
have had extensive experience in the design 
cars or trucks and possess administrative abuilit 
Applications are invited from men between 4 
and 55. Salary will depend upon the knowledge 
and experience the man can bring to the con 
pany 


j 


QPEC IALIST Automobile Design Engineers are 
. also required, who must have had soun 
design experience in one or more of the 
ing tields: automobile engines, chassis, bodies 
transmission, braking systems and _ electrica 
equipment. A Metallurgical Specialist is required 
in addition for material development 


fal 
foll« 


Ss: ALARY, pensions, etc., can be arranged 
suit the right men. All applications will be 

treated in the strictest contidence. Box 5981 « 

Automobile Engineer [4478 


WEN JIOR Designer Draughtsmen and Sen 
a and Junior Body Draughtsmen required 
the manufacturers of the Aston Martin and 
Lagonda cars. Salary according to experience ‘and 
qualifications Superannuation scheme W rite 
giving full details to Labour Officer, David Brows 
Tractors (Engineering) Limited, Hanworth Park 
Feltham, Middlesex [4484 


J{STIMA TING and Invoice Clerk for 

service department Must have previo 
automobile engineering experience and a eg 
knowledge of estimating. Write giving full detai 
and state salary required to Box 5983 c o 
mobile Engineer 


SITUATIONS VACANT 


] pk AUGHTSMEN Junior Mechanical A 
number of vacancies exist in the rapidly 
xpanding Development Drawing Office of Blaw 
x Ltd., at their new offices in Knightsbridge 
re are unusual opportunities for keen, ener- 
tic young men with a good general training to 
n first class all round experience on all types 
contractors’ equipment. Office conditions are 
d. Positions are pensionable and there are 
elent promotion prospects in ai situation 
re design ability and initiative are considered 
greater importance than age. Write in the first 
tance to Blaw Knox Ltd., 90/94, Brompton 
ad, London, S.W.3, for the attention of 
Wilson (4482 








AN ENGINEERING ALPHABET. 


B for 
BALL JOINTS 


and 


. 


for 


Precision parts from the bar inany 
metal-and particularly those 
which cannot be made by the cold- 
headed or rolled-threaded process. 


Weare specialist machinists. 


Send us your enquiries. 


M.C.L. & REPETITION LIMITED 
POOL LANE, LANGLEY, BIRMINGHAM 


BROADWELL [115 (4 lines) 
BROADWELL 1757 


Telephone : 





Holdens 








COTTON BAGS 


FOR SPARE PARTS, Etc. 
Walter H. Feltham & Son Ltd 


Imperial! Works, Tower Bridge Road, 
Telephone: HOP 1784. LONDON, S.E.1 





We pay TOP PRICES for 


STEELS 
ALLOYS & STAINLESS 
BARS - STRIPS: PLATES - OFFCUTS 

or SCRAP 


Purchase offers by return of post or our Buyer 
will be pleased to call 


TAYLOR STAINLESS METALS LTD. 
BUCKINGHAM AVENUE, SLOUGH, BUCKS. 
Phone : Slough 21361 (3 lines) Grams : Taysteel, Slough 

















SITUATIONS VACANT 
RAUGHTSMEN. Senior and Junior. Experi 
ence of press and machine tools, jigs and 

fixtures, plant, etc., an advantage. Apply stating 
age, qualifications, experience and salary required 
Vandervell Products, Western Ave., W.3. [4482 


THE COLLEGE OF AERONAUTICS. Appli- 

cations are invited for the post of Design 
Supervisor in the Department of Aircraft Pro- 
pulsion, The successful applicant will be required 
to assist the senior lecturer in the projecting 
and design of propulsicn units and to supervise 
students in this work. He will also assist in the 
design and development of various mechanical 
test rigs and other aids to design. Applicants 
should have workshop experience and at least 
three years’ design experience with an aero 
engine firm. Salary will depend on qualifications 
and experience, but will not be less than £600 
per annum with superannuation under F.S.S.U 
and, if applicable, family allowance. If the suc 
cessful applicant is married, it may be possible 
to offer tenancy of a small house. Applications 
giving full details of qualifications and experience 
ind quoting the names of three referees, should 
be addressed to the Registrar, The College of 
Aeronautics, Cranfield, Bletchley, Bucks., arid 
the envelope endorsed “* Design Supervisor.” 
Further information may be obtained from the 
Registrar if required. Closing date for the ror 
of applications is 28th January, 1952 [447 


Kk‘ WAIT OIL COMPANY requires Technical 
Instructors for Training Division in Kuwait 
as foilows: 


a) 2 Technical Instructors in General Engin 
eering Fitting 

b) 2. Technical Instructors for Motor 

Mechanics. 

Machine 


c) 1 Technical Instructor for 


Operators, 


A LL applicants must have full recognised 
«“ mechanical engineering apprenticeships (in 
b) garage apprenticeship will not qualify), 
Ordinary National Certificate and at least 5 
years’ experience as Master Tradesmen. Prefer 
ence given to candidates with previous experi 
ence as Instructors. Age 32-40. Salary in all 
cases starting £710 per annum clear plus 
generous allowances, pension scheme and kit 
allowance Write giving personal details and 
quoting appropriate reference:—(a) K.1429/1337; 
b) K.1430/31; (c) K.1432, to Box E/73, at 191, 
Gresham House, E.C.2 [4481 


D®: AUGHTSMAN required with experience of 

automobile body jig design for modest repe 
titive production of quaiity cars. Interesting work 
Good salary and pension scheme offered. Box 
5982 c/o Automobile Engineer [4483 


MACHINERY WANTED 
\ ’ANTED, all classes of machine tools, also 
presses and sheet metal working machinery 

Of every description; best prices paid 


F J. EDW ae Ltd., 359-361, Euston Rd., 
London, N.W Tel. Euston 4681 and 3771 
Telegrams Saaicun, Norwest, London. [3407 


MACHINERY FOR SALE 


QHAP ING Machine for sale, Selsan 17in stroke 

complete with vice, 8 speeds, £200 or nearest 
offer sub,ect to being unsold Boxfoldia Ltd., 
Dale Road, Bournbrook, Birmingham 29 4477 


PATENTS 
[HE proprietor of British Patent No. 594687, 
entitled Radial Pressure Clutch,’’ offers 
same for licence or otherwise to ensure practical 
working in Great Britain. Enquiries to Singer, 
Stern & Carlberg, 14, East Jackson Boulevard, 
Chicago, 4, Illinois, U.S.A. [4486 


‘HE proprietor of British Patent No. 557531. 
entitled “ Brake Control Mechanism,” offers 
same for licence or otherwise to ensure practical 
working in Great Britain. Enquiries to Singer 
Stern & Carlberg, 14, East Jackson Boulevard, 
Chicago, 4, Illinois, U.S.A (4480 


CAPACITY AVAILABLE 
DESIGN Capacity offered: 


(COMPETENT specialist advisory and design 
service offered on all types of car, truck and 
coach suspension systems by expert widely 
experienced in all aspects of vehicle springing: 
Box 5533 c/o Automobile Engineer [44 
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Instinctive | 


choice 


REAMERS 


COUNTERSINKES 


It is not without sound reason that the engineer’s 
buyer, surrounded as he is with a very wide 
choice, instinctively chooses INTAL. Experience 
has taught him that INTAL stands for toughness, 
long-life and precision, saving time and money 
in the long run. 


CENTRES 


THE 


INTAL WORKS 


CUTTERS 


INTERNATIONAL TWIST DRILL co. LTD. 


Telephone: 23072-3-4 


WATERY STREET 


SHEFFIELD, 3 


Telegrams: ‘‘Fluted’’ Sheffield 
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Achievement in Die Casting ! 


47" wide, and all in one piece! 
Only Die casting could achieve it, and only 


MAZAK make it a complete success. 


MAZAK 


FOR QUALITY DIE CASTING 


IMPERIAL SMELTING CORPORATION (SALES) LTD 


77 GeVER STREET Cenrocxr*: Ww .4 
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The illustration shows aluminium die- 
castings comprising the Back Frame and 
Door Frame of the “Cannon” Gas 
Cooker. Our customers say: The main 
advantages of using aluminium die-cast- 
ings can be summarised as follows :— 


1. Reduction in overall weight of the 
Cooker which permits of the greater use 
of women labour in assembly 


2. The elimination of spray painting usu- 
ally necessary to prevent corrosion. 

3. Substitution for vitreous enamelled 
castings in certain cases where the finish 
has to withstand severe conditions. 

4. Easy machinability, especially in cases 
where the machining of other materials 
is an expensive process. 

5. Greater dimensional accuracy in 
casting. 


Extract from a letter from 
Messrs. Cannon iron Foundries Ltd., Bilston, Staffs. 


2 ! BIRMINGHAM ALUMINIUM CASTING (1903) CO LTD @ 
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